T OF TECM
A FRYER
F/G 3/6

(=4
[ =4
-]
Ll
-
L 3







AD-A 187 915

AND ITS APPLICATION TO
AIR PORCE CIVIL ENGINGERING

Richard A. Fryer
Captaian, UsaF

AFIT/GEN/LIN/078-7

OEPARTMENT OF THE AR FORCE
AR UNIVERSITY

AR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base. Ohio

ege—aSt | 881

12 018

.




APIT/OBN/LEN/878-1

CONPUTER-ASSISTRED INSTRUCTION
AND ITS APPLICATION TO
AIR FORCE CIVIL ERNGINEERING
TNERSIS

Richazrd A. Fryer
Captain, USArF

AFPIT/GEM/LSN/878-7

DTIC

- ELECTElf)
;\.;"\\JM\ RV ﬁﬂ
- (\E -

Approved for public release; distribution unlimited




- ——————— — —

The contents of the document are technically accurate, and no

sensitive items, detrimental ideas, or deleterious information 1is

contained therein. Purthermore, the views expressed in the

document are those of the author and do not necessarily reflect

the views of the School of Systems and Logistics, the Air

2::vcrlity. the United States Air Porce, or the Department of
ense.

Accossion hr_
 mTlS GRAML 8
DTIC TAB

Unanneuneed a
Justification

::.!_".““&!ww —{
| Availability Codes S,
" lavatl and/or
D13t Special

4l |




APIT/GBN/LEN/078-7

COMPUTER -ASSISTED INSTRUCTION AND IT8 APPLICATION TO
AIR PORCE CIVIL BRGINEGERINC

THRS!S

Presented to the Paculty of the School of Systems and Logistics
of the Alrx Porce Institute of Techmology
Alzr University
Ian Partial Pulfilleeat of the
Reoquiremants tor the Degree of

Master of Science In Bagineering Management

Richazd A. Pryex, B.8.
Captain, USAPF

September 1987

Approved for public release: distribution unlimited




Ackacyisdeenents

1 an indebted to a great number of people tor their
assistance in getting me through this most difficult ot
processes.

Pizst, I sust thank my thesis advisors. Capt Nei)
Kanno got me @going and stayed vith me as the topic
"evolved” from one form to amother. Professor James
Neadows picked me up, when Neil transfered to Kores, and
coached me through to the painful bizth. ['m slso indebdted
to ay reader, Dr. Charles Penno, ftor his precise review and
advise in the prepatzation of the document.

Next, [ want to thank my fellew GBMe for their ability
to maintaln & semse of humor and infect me with some ot it
vhen | mest needed It.

MNoreover, |1 would like to thank the bumper pool table
for being there whenever [ coulda’'t think straight, which
wes Qquite often.

Additionally (I can’'t write anymore without transi-
tions), I have to thank the two men who helped me get here
in the first place, LtCol Craig Birch and LtCol Lou Hauck.

Pinally, and without a doubt most importantly, [ want
to thank my wife and daughter for not divorcing and

disowning me. | promise to spend more time at home!

Rich FPryer

i1




Page
Achaoviedgements . . . . . . . . . . v e e e il
List of Pl@uees . . . . . . ¢ . ¢ ¢ ¢ ¢« o s o o o v
List of TPables . . . . . . . . . .. 000 e . vi

“t'“t . . . . . . . ¢ e e . . . . . . . . . . . Vll

I. Intzoduction . . . . . . . . . . . . o0 1-1
MIV‘.' . . . . . . -
The Puzpose of thc ltudy . .

Beckgzeund . . . . . . .
Justificatien . . . . . .
Reseazch Objectives . . .
Investigative Questions . e e e .
Limitations . . . . . . . . . . . . .

LI R |

]
- [ X X XX NN

I1. Nethedology . .

Overvievw . . . . e
Investigative Onostlonc . e e e e e
~t.“’ 1"’ . . L) * . . L ] L] L] L] L] * . .

11r. Intzoduction to CA! . . . . . . . . . . .

Overview . . . . . . . . . . .
Question 1 . . e e e e e e
1ht-laoloqy . . . e .
Defimitions . . . . . . . . . .
Questien 2 . . . . . o
Choosing an lnsttuctlonol
Methodology . . . .
Couzseware Developasnt e e e
Mechanics of CAl Dollvoty e e e . 3-11
Question 3 . . . e e J-12
CAl a.pllcatlon. v e e e e e e e 3-12
Informational CA: . . . . . . . . 3-1)
Deill-and-Practice CAI . . . . . . J-13
Tutorial CAI . . . . o« e e e e 3-1%
Simmlation CAY . . . . . . . . . . 3-16
Inguizy CAI . . . . . . . . . .. J-10
Intelligent CAE . . . . . . . . . 3-19
Summary . . . . . e e e e e e e e e 3-19

'
S e s s e

« W w Wi ww [ ~N N W ~ e Pt b Pt puo Pt Pt
]
bt Pt g

Iv. Bducational Impact of CAI . . . . . . . . . 4-1
Ovegview . . . . . . . . . . . . . .. 4-1

111




Question 4 . . .
CAl Bffect on ltudont Achlovc-.nt
CAlI ERftect on Instruction Time .
Question 9 . . . . . .t 4 e e e e e e
Question 6 . . . .
CAl Dovolop.-ut ?ooll - uazdunz. .
CAl Development Tools - Software .
Choices . . . . . . . . . .
SumBery . . . . . . . . e e .o .

V. Civil Bngineering Applications . . .
Overview . . . . . . . . . . . .
Question 7 . . . . .

Civil lnqluoozlnq lnutxuctlonal
Reguirements . . . .
Technical Training . . . . . . .
Bducation . . . . . . . « « . .
Question &8 . . . . . . . . . . .
Assumptions . . . . . . . .
Media Selection Process .
Qualitative Considerations .
Quantitative (Cost) Conoldotations
T™he Total Model . . . e e e e e
Question &% . . .
Softwere avallablllty . .
Hardware Choices . e e e e 4 e
SGMMAEY . . . . ¢ . . e s e s e e e e s

Iv. Conclusions and Recommendations

Overview . . . . . . . . . .
Conclusions . . . . . . . . . . .
Recommendations . . . . . . . . .
Suvamary . . .

Appendix A: Glossary of Texms . . . . .

Appendix B: Nardwere and Software Available Under
Tenith Data Systems Contract
(Contzact WP19630-86-D- 002) and
GSA Souzces . . . . . . .

Bibliography

V‘ t. L] . . . . . . . . . . . .

iv

B-1
8IbB-1




List of Flgures

Plgure

1. The Instructional Systems Development
’t oc." * L 2 L] L] . [ ] ] L] . [ ] L] L ) - L] [ ] *

2. General Structure and Flow of Drill-and-
Practice Lessons . . . . . . . ¢« . ¢« ¢ .

3. General Structure and Flow of a Tutorial
L...on L] L[] . L] . L] L] . . . [ ] L] . . L] .

4. GQGeneral Structure and Flov of a Simulation .

S. Plow Chart of the Qualitative Portion of the
Decision Process to Adopt CAl as the
Instructional Methodology . . . . . . . .

6. Plov Chart of the Quantitative Portion of the
Decision Process to Adopt CAI as an
Instzuctional Methodology . . . . . . .

7 .

The Total Decision Process to Adopt CAl as the
Instructional Methodology . . . . . . . . .

Page

3-14

3-16
3-17

5-20




B i DL AP JJETON
- O

Al

Table

I.

II.

y - - ) A .
TN DN RO TR DU Joh »'l.o“,g'l‘- AL ,‘.I,\ ‘. O X% g ¥ W WY

List of Tables
Page

Softwvare Comparison Between VS Author and
m..t!o,’c . . - . . . . . . . . . . . . . . . 5-28

Hardwvare Comparison Between "Wang VS" and
.zz"' . . Y . . . . . . . . . . . . . . - . . 5-31

vi




AFIT/GEBM/LSM/878-17

Abstract

;'Thls investigation reviewed literature from a variety
of sources pertaining to computer-assisted instruction (CAI)
for two purposes. The first purpose was to compile informa-
tion about CAI into a single condensed source for use by Air
FPorce Civil ;nqlncczlnq educational programmers and mana-
gers. The second purpose was to examine and present
information pertinent to the application of CAI to Air Force
Civil Engineering.

“ The first soéiion introduced such subjects areas as CAl
terminology, definitions, instructional methodology choice
considerations, coursewvare development, CAI delivery mechan-
ics, and CAl applications. CAl has boc& used to provide
instruction by means ghlt/soan have labeled information CAI,
dzlll-and-pg;eticd EAI, tutorial CAl, simulation CAI,
inquiry CAI, and intelligent CAI.

> The next section covered what the literature indicates
about the educational impact of CAl. This section presents
what the literature has to say about the effects of CAI on
student achievement, the effects of CAI on instructional
time, the cost-effectiveness of CAI, and the hardware and
softwvare tools necessary for the educator who is contem-
plating CAI lesson development. - The literature indicates

that CAI results in student achievement at least equal to

vii
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that of traditional instruction. Moreover, instructional

time has been widely reported to be decreased by the use of
CAI, although some experts feel this is mostly a result of
the individualized instructional environment which CAI
offers students. VWith regard to the cost effectivensss of
CAl, the literature contains few good cost analyses from

) which conclusions can be drawn.

‘ y The final section covered the applications of CAI to
Alr Porce Civil Engineering instructional requirements.

Actual reported CAI applications similar to Civil BEngineer-

wUw KX

ing instructional requirements were presented. Such appli-

cations include equipment simulators for training purposes

v ew

and tutorial and drill and practice for engineering funda-
mentals reviewv.- Additionally, a model of the decision

process to adopt CAI as an instructional methodology was

e v w

formulated. This model provides, in a broad sense, a guide
to determine 1f CAIl is the best instructional method to meet
given insttuctionaw requirements. Finally, a comparison was
made of the hardware and software alternatives presently
available to the Civil Bngineering lesson developer or

|
programmer.
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COMPUTEBR-ASSISTED INSTRUCTION AND ITS APPLICABILITY TO
AIR FORCE CIVIL ENGINEERING

1. Introduction

overview
This chapter presents the purpose and the justifica-
tion for this research project, introduces the investiga-

tive questions, presents the limitations of the study, and

specifies the expected objective.

IThe Purpose of the Study

This research effort reviewed current and past work
and literature pertaining to computer-as;isted instruction
(CAI) for two purposes. The first purpose, simply stated,
was to compile information about CAI into a single source
for reference purposes. The second purpose was to study
current CAI technology in order to determine the

suitability of CAl to Air Porce Civil Engineering.

Backaround
CAI, as defined in Webster's NewWorld Dictionary of

computer Terms, is

the use of a computer to provide educational
exercises, such as drlills, practice sesslio..s, and
tutorial lessons, for a student: a terminal is used
to respond to exercises that have been programmed to
assist students at their individual level of ability
and speed of learning (13).

1-1
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Some, such as George Leonard, say "interaction is the
absolute essence in learning™ (77) and since CAI is, by
design, interactive, it clearly has potential in an educa-
tional setting. Just what that potential may be for Air
Force Civil Engineering will ultimately be decided by
trainers, educators, educational programmers, and leaders
who have the knowledge of Civil Engineering's requirements
and the imagination of how they can be met by CAI. A
prerequisite to being able to apply CAI to any require-

ments is an understanding of CAI.

Justification

The scope of the Civil Engineering training and
educational mission is not a small one. In Fiscal Year
1986 (PY86), the APIT School of Civil Engineering and
Services provided instruction to 2,356 students (mostly
officers, civilians, and senior NCOs) by way of 105 course
offerings. These courses ranged from one to four weeks
long and covered 34 diverse topics ranging from Housing
Management Applications to Heating, Ventilating, and Air
Conditioning Design (3). 1In PFPY86, training for the 18
Civil Engineering enlisted specialties was provided by the
Sheppard, Chanute, Lowry, and Fort Leonard Wood training
sites which trained over 9,100 personnel by way of 95
course offerings in various Civil Engineering technical
fields (1). Projections for FY87 estimate technical

training quotas to reach nearly 11,000 students (1). The
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longth of this techmical tzaining vazies from oas week (for
semn of the fellowv-oa specialty courses) to eslevea weeks
(fex sems of the basic appseantice level courses) and
covets such subjects as plumbing, electrical wiriag,
preduction coatrel (asnaging werkforces), and heavy equip-
asat epezetiems (18).

In the peivete secter, CAl is being wsed to provide
tzaining and aid ia wndezgradeate level education (28).

Pex Alr Pezce Civil Eagineering, CAI may hold potential for
siailar educational applications. PFor iastance, CAI may
have a2 wse at the traiaing level for the Bese Civil
Enginceriang crattsasa, or at the undergraduate level for
the Civil Bngineexing Officer and Seamior NCO (non-commis-
sioned officer).

Given the magnitede of Civil Bugineezing's training
and educational requiremsats, aay instructional method that
can assist this process deserves serious consideration. To
that end, the Alr PFoxce Civil Bnglineering and Services
Caentexr (AFS3IC) is developing a prototype training package
to test the application of CAI at the training level (8).
When iatexviewed, the project officers for the adbove tests
expressed a aeed for a single, comprehensive source of
informstion pertaining to CAI (38, 54). This thesis is
asant to fill that requiremsnat and address other issues
peztinent to CAI as it may be applied to Air Force Civil
Bagineering.

Ia this study, answers to gquestions about CAI are

1-3
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organised and presented in segquence starting with

basic introductory questions and ending with questions
about possible Civil Engineering applications. Thus, this
thesis should provide a ready reference source or tutorial
for those individuals who have a need or desire to become
familiar with CAI either for mission reasons or for
professional development. Moreover, this work may have
utility outside of the Civil Engineering career field to
other Air Force specialties investigating the possibilities
of CAI.

2assaxch Objectives

As mentioned previously, this research effort set out
to gather and present in a logical manner relevant informa-
tion pertaining to CAI. "Relevant information” is defined
here as that information that is useful to the Air PForce
Civil Engineerxing trainer, educator, and educational pro-
grasmer. The end objective was to furnish a document
useful to educate those unfamiliar with CAI and provide a
ready reference source for those generally familiar with

CAI but needing specific information in selected areas.

investigative Questions

The investigative gquestions to be answered were
placed into th.ee categories: introductory questions,
guestions about the educational impact of CAlI, and
questions about the application of CAI to Alr Force Civil

Bnginesring. Chapter three contains answers to the intro-

1-4
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ductory questions, which provide the reader with the
basics of CAI: what it is and how it is used. Those
qQquestions are:

Question 1. What are the various terms, and their
definitions, currently used by researchers and experts to
discuss the use of computers to provide education or
training?

Questjon 2. What is the process of developing and
using computer software to aid education and training? -

Question 3. What are the various methodologies of
using computers to aid instruction?

Chapter four contains answvers to the educational
impact questions which provide the reader with insight into
the effectiveness of CAI and the tools necessary to use
CAf. Those questions are: |

Question 4. What does current research indicate about
the educational effectiveness of CAI versus traditional
classroom instructional methods?

Question 5. What does current r?search indicate about
the cost effectiveness of CAI versus other instructional
methods?

Question 6. What general types of computer hardware
and software are available to build CAI lessons?

Chapter five contains answers to gquestions about the
application of CAl to Civil Engineering. This chapter
provides the reader with an idea of the range of CAl

applications avallable to the Civil Engineering trainer and

1-$
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educator and the effectiveness of some of the tools he or
she has to work with. Specifically, those questions are:

Question 7. How has CAI been used by others to meet
specific training and educational reguirements similar to
those of Alr Porce Civil Bngineering?

Question 8. What is the step-by-step process by which
a specific Civil BEngineering lesson would be evaluated for
CAl development?

Question 9. How does the "Wang V8™ computer system,
being installed in Civil Engineering uﬁits as Work Informa-
tion Management Systems (WIMS), in combination with the
softwvare available for it, compare as a CAI device to the

"Zenith 248" computer and the software available for it?

Limitatjons

This study, like any study that deals with computer
applications, has several limitations. The first relates
to the rapid advances in computer technology and capabil-
fity. Specifically, anything said herein about the capa-
bilities and cost of a particular computer systeam is
subject to change at any time as manufacturers improve and
upgrade their products and adjust their prices. The second
limitation relates to question seven regarding the applica-
tion of CAI to Civil Engineezring. The researcher acknow-
ledges that the applications identified are not all encom-
passing. 8Some applications similar to the requirements of

Civil Engineering may not have been included either because




they were unpublished or pudlished in obecure journals or
azre presently underxr development. Mence, portioms of this
zeseazch should be read keeping current computer capabili-

ties and applications in mind.




il. dethodoloqy

Qvexview
The purpose of this chapter is to describe the conduct

of this reseaxch effort and to outline the steps taken to

gather the information presented in this thesis.

Investicative Quastions

The investigative questions, regquired to be answered
to provide a document capable of meeting the objective of
being an introduction to CAI and a reference source,
range from the simplest what-is-it type of question to the
moxe specific how-can-we-use-it-in-Civil-Engineering type
of question. MNine investigative questions were formulated
and grouped into three sections: introductory questions,
questions about the educational impact of CAI, and
guestions about specific Civil Bngineering applications.

These Qquestions were presented in chapter one.

Mathedoloqy

Since the goal of this thesis was to investigate past
and present work and writings about CAl, the logical method
of conducting this effort was through a comprehensive
review of reports, trade journal articles, professional
Jeurnal articles, and books on the subject. Dominowski
recommends using the following principle to conduct a
litezatuze search: "Vork from the gemneral to the specific .

. and work bDackwards over time” (19:326). Dominowski
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goes on to expound on this by stating "Begin your search

with the most recently published sources, you can (then)
use the references contained in those sources to lead you
to earlier sources” (19:326). This methodology was used to
a great extent in the conduct of this research effort. In
addition to printed matter, interviews were used to gather
some of the information presented in this thesis. Much of
the information about hardware capability and software
avallability for specific Civil Engineering uses came from
telephone éonvc:sltlons with knowledgable technicians and
experts.

Index searches were conducted at the Alr Force
Institute of Technology, Wright State University, and the
University of Dayton using:

1. The Aix University Libraxy Index

2. The Aix Univexrsity Abstracts of Ressazch Rspoxts

3. Readex’'s Guide to Periodical Litesxature

4. Tha ACM Guide to Computing Litexatuxs

S. The Mumanities Index |

6. The Social Scisnces Indax

7. Tha Rusinsss Paxiodicals Index

CAl-related articles were found under such reference
headings as Computer-Aided Instruction, Computers-
Bducational Uses, and Computers-Training.

AMdditionally, computer indexing services, such as that
provided by Defense Technical Information Center (DTIC)
and DIALOG, were used to provide additional sources




of information. Keywords for such searches included
“Computer-Assisted Instruction® and "Computers-Bducation
Uses”.

Moxeover, the ERIC (Bducational Resources Information
Center) document section of the University of Dayton
provided access to many documents that would otherwise be
difficult to obtain.

Not all guestions could be answered by the literature.
Question seven, how has CAl been used by others to meet
specific training and educational requirements similar to
those of Alr Porce Civil Bngineering, required the identi-
fication of Civil Bngineering's education and training
requirement prior to a literature review. This was accom-
plished through a review of Civil Engineering regulations
and policy letters, and by interviews with those within
Civil Bngineering responsible for education and training
functions. Interviews ware conducted with the training
ofticexs at the AFESC and with the Dean of the AFIT 8chool
of Civil Bngineering and Services. Once identified, these
reguirements were matched with CAI applications found in
the private sector or other areas of the government.

Mditionally, question nine, regarding the comparison
of the Wang VS system and the ZTenith 248 as CAl systems,
reguired the use of informstion from gquestion six, which
gesulted in identification of types of hardware and soft-
waze available to build CAl lessons. 8Specifically, these

two systems were compared on: memory, input options,
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software avallability, software capability, interactive

video support capability, color capability, and costs.
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111. Introduction to CAIL

Qverview :
The purpose of this chapter is to present and examine - v

current and relevant literature relating to the first three

investigative questions concerning what might be called 3

basic questions about CAI: simply put, what is CAI, how is \

it used, and vhat forms can it take? These questions are

answered in sequence. ¢

Question 1 g
What are the various terms, and their definitions, !
currently used by researchers and experts to discuss the use X
of computers to provide education or training? t
Part of the problem with trying to discuss CAI |s
figuring out how CAl differs from other terms used by those
speaking about the use of computers to provide or enhance

education. Such terms as CBT (computer-based training) and '

-

CBlI (computer-based instruction) tend to confuse the issue.

r e Yo -

The answer to this question provides the terminology and

-

definitions associated with computers in education. h

ro

Texminoloqy. Despite 25 years of ongoing research on

R

the use of computers to provide education or training, the
tezrms used to describe this subject still vary greatly.

Parry, Thorkildsen, Biery, and MacParlane (Parry et al.) .

¥

state that "computer-based instruction® (CBI) was the most X
appropriate, generic term to describe this subject, which . :
(N

3-1 x
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has also been called "computer-based teaching”, "computer-
augmented instruction”, "computer-based learning®,
*computer-based training", "computer-based instruction® and
"computer-enriched instruction™ (64).

However, the consensus among the researchers and other
experts in the field weighs heavily against their choice.
While others (33, 73) prefer the term "computer-based
training” to describe the use of a computer in an instruc-
tional setting, the favorite by far is "computer-assisted
instruction" (20, 21, 36, 46, 51, 74, and 813).

This fact 1ls not surprising since the term computer-
assisted instruction best describes the process that all
the researchers were studying: the use of computers as an
educational tool to assist and enhance the instructional
process. "Computer-based instruction" appears flawed as it
leaves the impression that computers form the basis or heart
of instruction, a concept which even Parry et al. shun by
stressing that "highly touted innovations... don't lessen
the teacher's role” (64:32). Moreover, computer-assisted
instruction has taken hold as a keyword in many publication
indexes and in automated literature search services such as
DTIC.

Besides computer-assisted instruction and the various
other terms presented, there is one additional term worth
mentioning. Computer-managed instruction (CMI) involves the
use of the computer by the instructor to perform the

administrative and management tasks associated with teach-

3-2
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ing. This use includes keeping track of assignments,
grades, and other management statistics and scheduling
lessons, make-up sessions, and quizzes. Some researchers
think of computer-managed instruction as a term for the
broader application of computers in education in general,
with computer-assisted instruction only a subset of com-
puter-managed instruction. Others think of computer-managed
instruction and computer-assisted instruction as subsets of
something larger which some call computer-based training and
others call computer-based instruction.

Definitions. There seems to exist almost as many
definitions of CAI as there are authors. Perhaps the

definition provided by Webster's NewWorld Dictionary of
Computer Terms is a good starting point. The dictionary

defines CAI as
the use of a computer to provide educational exercises,
such as drills, practice sessions, and tutorial lessons,
for a student: a terminal is used to respond to exev-
cises that have been programmed to assist students at
their individual level of ability and speed of learning
(131).

This is a somewhat simplified and limited definition of

CAI. Por instance, it omits the use of simulations as a CAl

methodology. However, it does convey the basic idea, the

use of computers to aid the educational process. Another

definition is provided by Kemner-Richardson, Lamos, and

West. Their definition is less specific but does not limit

the possible applications. Specifically, they define CAIl

3-3
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N The use of the communication and storage capabilities

' of a computer to provide the direct presentation of

instructional materials and/or provision of practice to

the learner (46:9].

ks ) For the purposes of this research, CAI and CMI were
thought of as distinct, though interfacing, applications of

AN a computer in education. CAI was used to describe the

g‘ instructional application of computers and CMI was used to
? describe the managerial application of computers in educa-
é: tion. The specific operating definition of CAI used

S_ throughout this study was the latter one presented above.

h Other related terms and their definitions are compiled and
N presented in Appendix A.

: What is the process of developing and using computer
;? softwvare to aid education and training?

? To answer this question, the researcher examined three
: processes: the process leading to the choice of CAl as an
fi instructional methodology, the process of coursewvare devel-
o

Q opment, and the process of the delivery of a generic CAl

{ lesson. These are outlined below.

- Choosing an Instzuctional Methodology. The process of

‘ choosing an instructional methodology to satisfy a particu-
lar training or educational requirement involves a number of

é considerations which include: identifying organizational

: needs, instructional capabilities needed, sufficiency and

avajilability of existing courses inside and outside of the

organization, assessment of support and resistance to any

1 3"
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particular method of instruction, and cost analysis of the
various instructional methods that would adequately meet the
requirements (17).

An organization may not desire the student to learn in
an individualized environment such as that offered by CAI. k
Some organizations, like the military, may want the student
to not only master the lesson material, but they may want
1 the student to be exposed to "values and attitudes, such as L
professional ethics" that can not be attained easily by way
of CAI (46:16).
J Another factor influencing the choice of an instruc- l
tional methodology is the subject material itself. "The

choice of CAI should be driven by instructional need for

that medium’'s unigue capabilities" (46:17). CAI should be
thought of as one method out of many that may satisfy an
instructional requirement. Thus, "CAI should be chosen
based on its potential for best meeting instructional or
institutional needs"™ (46:17).

The use of an existing, available course to satisfy an
instructional réquirement would seem to be the best alterna-
tive to meet that need. 1Indeed, AFM 50-2, Instructional
Systems ngglgnmgnﬁ, specifies that the educational planner
should investigate this avenue before pursuing the develop-
mer.> of a new course (17). However, this advice does not
preclude the investigation and evaluation of CAI or any

other method to satisfy the requirement. It may tuzn out

that the existing course is not the best alternative from a

il it SRRSO
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qualitative point of view. Another method may be better
H . suited for the new requirement than the method used by the
existing course. Moreover, despite the up-front costs

assocliated with developing a nev lesson using an alternative

methodology, the net cost may be cheaper when amortized over
the expected useful life of the lesson.

courseware Development. The CAI courseware development

process follows the same general pattern as the developaent

process of any instructional lesson. This process, commonly

called the instructional systems development (ISD) process,
involves "the deliberate and orderly process for analyzing,
planning, developing, and managing the instructional pro-
gram” (27:9).

There is not a universally accepted model of the ISD
process. Some outline an eight step process to achieve
lesson development (4:275). AFM 50-2 outlines a six
step model of the ISD process (17). The Air Force Institute
of Technology modified the training-oriented Air Force
ISD process to produce an education-oriented process called
the Academic Instructional System (AIS) (2:2). AIS's basic
approach is the seven-step process outlined as follows: (1)
identify system educational reguirements, (2) define
educational regquirements and identify student input, (3)
[lan and develop the instruction, (4) develop a syllabus,
(S) provide adaptive instruction, (6) evaluate fnstruction,
and (7) revise/reviev each of the steps above (2).

A simple yet encompassing model, based on the Air Force
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I8D model for curriculum design, is offered by the 436th
Strategic Training Squadron (STS). The squadron outlines
five major steps which are the analysis step, the design
step, the development process, the validation step, and the
evaluation step (27). Figure 1 is a representation of this

model.

AMALXSIS : Identify Population
Define Instructional Goals

Choose Appropriate Instructional Method

! 4

_IDESIGN : Outline Development Process

Identify Instructional Requirements/Objectives
Plan for Validation and Bvaluation

Produce Development Schedule

{ I

__JDRVRLOPMENT : Develop Instruction including text,
visual material, remediation, and quizzes
Coordinate Activities

! | |

¢ Determine if Lesson Works as Designed
Modify if Necessary

! '

EVALUATION : Identify Lesson Delivery/Content
Problems
Determine if Students Meet Instructional
Objectives
Identify Changes Effecting Lesson

Figure 1. The Instructional Systems Development
Process (27)
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The analysis step involves identifying the target
population requiring the instruction, identifying characterz-
istics of that population (such as age, educational back-
ground, and experience), defining the instructional goals,
determining the instructional methods/media, and setting
milestones for the remainder of the ISD process. Analysis
ﬁ is that first step "essential for establishing the direction
K of the actual training program® (27:9). 1It is in the
N analysis step that CAI would be chosen or rejected as an
ol appropriate instructional methodology. That decision is
examined more closely in chapter five.

Following the analysis step is the design step. Design

) . 1nv;1ves the mapping of the development process that will be
presented next.} The 436th STS ligts the following as end

ﬁﬂ products of the design process: instructional requirements,

it instructional objective, task listing, plans for validation
and evaluation of the lesson, and an updated development

e schedule with nilestoneg. Also, in this step the lesson

sequence would be developed based on the above products. 1If

CAI is the chosen methodology, then an appropriate design

e for branching the instruction would also be developed.

e | The next step "is a monumental task for the CDM

(course development manager] and consumes the majority of

{ the ISD effort™ (27:10). This development step consists

% primarily of the actual building of the lesson itself. This
f' effort involves the coordination of other subject matter

:§ experts, assistants suéh as typists, and media experts
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(photographers, for example). The quality of the end
product “"depends primarily on how well the analysis and
design steps were accomplished® (27:10). Bstimates of the
amount of the lesson preparer's time necessary to develop a
one-hour lesson range from 25 to 300 hours (46:147), with
the majority of the experts estimating In excess of 100
hours (29, 46). For CAl this step entails text and graphics
development and lesson branching development.

The next step, validation, involves testing the lesson
to see If it meets its designed instructional objective.
Validation is a necessary step to be “"certain that the
instruction works® (27:11). This step includes coor-
dinating operational tryouts (pilot astudies), analyzing
validation data, and revising the lesson. Validation may
cause some lesson modification to overcome stortfalls or
deficiencies in the lesson.

The final step, evaluation, involves both internal and
external evaluation. Internal evaluation is performed by
students and instructors on the lesson itself and identifies
lesson delivery and content problems. BExternal evaluation
"determines whether the course graduates can perform” and
identifies changes in the instructional requirements (job
changes, process changes) that affect the lesson (27:13-14).

Bvaluation is a continuing process which provides feedback

for continuous lesson updates.

Problems to Avoid. Several warnings bear men-
tioning at this point. First, a problem to be avoided by




the educetes pregasing CAl lessoms is thet the ceaputer is
on expeasive 'boek’ it used a8 such. !t the swdject
mptezial dees net need oz camnet iacezporate intezactivity
iate its desiga, thesm that lessea is ae better them & beost
ot handout. As Conlizight said, “"Page tuznex CAlI (es this
ajsuse of & cemputer s dubbed), evea vith celer and
graphics, is stil]l & peer use of the computer® (12:168).
Pege-Tuzner CAI “"is best letft [ter the! beek; the poges are
cheoage: and casier to tuza®” (67:27). Iatezactivity, thea,
is the key to CAI. As Gecy seys "we noed to deaign progreas
vith iatezactivity as the ceze” (30:C8). IMaay of today's
CAl ptograms deliver text with “"iatezactivity thzewa in a0
an attezthought...; peeple’'s tolezance ferxr that is lew*
(30:C8).

Anethez: wazaing asationsd by setfe experts Coaceras
studeat ceatrel eover exniting the lessea. Stephensea advises
that it "is very impeztaat in witing (CAI lessons) that the
student aust be made to fee)l he O she i3 in cemplete
ceatzel at sll timess®” (7%:11). Ne sugeests that an escape,
exit, o 'bailout’ optien be avaeilable to a student at aay
time.

Pinally, as asationed sazlier, CAl asst be designed to
be intezactive. To that ead, coursewvate developmsat should
allew for frequeat guestiocaing and guixzsing of students
(4:92). This not only keeps the student involved in the

fastruction, but it provides that necessary immdiate
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teoddach te the student about Ais or her pertformesace
(e:114).

Wmchanics of CAL Baliyaxy. The process of using a CAl
psogzam te deliver imetzuction tolleows the ocutline below.

Aftex the studeat sits dowm st the computer tezainmal aad
tellows the leogea o beet preceduczes feor the particelar
ceampeter, the studeat locads the CAl lessea or pregras into
the machine and tuns it. The studeat selects which medule
ho/she wishes to receive. The cemputer presents the msdule
to the student, stepping at predeterained peints for japet
from the student. The student’'s resPpenses may csuse the
cemputer teo preseat the previouws material in a diftezent
apaner it these ceaponses indiceted that the ssbdject mster-
el was not fully coamptehended. [, howaver, the student's
zosponses iadicated that all the lessea mateczial had bdeen
assimilated, the progren mey accelerate the pace of imstruc-
tion to preveat boring the studeat. The pece would return
to normal once the student'’'s tesponses (adicated the lesson
matezial was challenging.

This process would coatinue uwntil the studeat either
completed the lesson or ended the session. In elther case,
& CAl progras should, as a ainiona, suamezize the session
for the student, indicating seuch things as tias on the
machine or total CPU time (for time-sharing systems ', score
for the session, and the student's weak and strong areas.
Additionally, 1f the student did not complete the lesson,

the programs should store the last point the student worked
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at to enabdle the student to zesums at that point when he or
she retuzas to the lesson (16, 61:101).

Additionally, through what may be texrmed a CMI inter-
face, the instructor weuld also have i(aformstion about the
student's pecformance and strxengths and weaknesses. The
iastzecter may use this informstioa to work ome-ocn-ome with

a student stzuqyling in sems azes.

Omeatien ).

What aze the various methodologies of using coaputers
to aid imetzuction?

Gl Aanlicatisns. Some wvriters divide the educational
ese of cemputers into three categeries; tool, tutor, and
teacher (67:6). Others would add tester to that list
(64, 43). Alessi and Trollip ideantify ten msthods of using
CAl: teutezial imstructioa, dzills, simmslations, iastruc-
tional games, tests, problem-solving environments, teaching
tools, games, iantelligeat CAl and computer-controlled video
(4:92-9%56). Nowever, it would appear that several of these
are subsets of others. In thelir handbook for Alr Porce

Instrections]l NManagers, Kemmer-Richardson, Lamos, and West
zecognise six forms that CAl can take: Informstional, Drill-
and-Pzectice, Tutecrial, Simmlation, Inqguiry, and Intelligent
(46:19-24). In all these applications the basic functions
that Cal ;ctn-, however, have temsined the same: “the
presentation of informstion, the demonstration of the appli-
cetions of skills and knowvliedge through examples, and the
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opportunity for practice” (46:19). Kemner-Richardson et
al‘s viev of the applications of CAl asppeared more complete
than that mentioned earlier in that they specifically took
into account drill-and-practice and simulation CAl commonly
listed Dy many experts. Thus, this researcher presents
theiz model of the various forms of CAl.

Infozrmational CAL- Informational CAI is the use
of the cemputex to provide information to support instruc-
tion. That instruction could take the form of conventional

classroom instruction oz other msthods such as tutorial CAl.

Genezally in Informational CAI, the coaputer can be thought
of as & database containing pertinent subject information,
text, graphics, and other forms of information. This
information would be available to the studeant for reference,
tor problem solving, or for help related to material
presented in class. This form of CAI “can be used as a
dynamic tool, with information such as helpful hints or
lessons learned added by instructors at any time"™ (46:19)
or any point in the database.

exill-and-Pxactice CAI. Drill-and-Practice
CAl is the use of the computer to provide reinforcement of
satezial presented by other means of instruction. BRisele
believes that drill and practice probably constituted the
tizst application of CAI. ‘e states that besides
sathematical applications, "early drill and practice
applications included spelling practice, word recognition,

and mamorization of factual information” (24:15). Drill and
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practice have not changed much in basic form since then.

The program "drills students on parts of a process; e.g.

vhat do you do after you have installed the condenser" or

"quizzes students on nomenclature (e.g., parts of anatomy,

parts of a vehicle)"” (46:21). The general structure and

flow of drill-and-practice lessons is presented in Figure 2.

Introduction ———@p Subject ——lp
Selection

Summary and ¢ Poedback e
Bxit

Question

‘

Student's
Response

¢

Judge
Response

Practice Lessons

Flgure 2. General structure and Flow of Drill-and-

(4:138)

Drill and Practice is an important part of any learning

process and hence this capability is not to be taken

lightly. Kemner-Richardson et al. speak of the importance

in these terms:

Practice not only verifies that the learner can

actively use concepts, skills, and procedures

which have been taught , it also affords the

leaxrnexr the opportunity to practice transferring

and generalizing concepts and strategies to prob-

lems dissimilar from examples demonstrated (46:21).
4

The computer is well suited to this task, being able to quiz

and provide immediate feedback to the student.
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Tutorial CAI. The previous two forms of CAI
were supplemental to classroom instruction or other forms of
instructions. Tutorial CAI is the first form of CAI
discussed that uses the computer to present instruction
complete by itself without the use of conventional classroom
¢ instruction or other non-computer methods. Clearly, tutor-
! ial CAI is the first level of CAI at which there are stand-
. alone capabilities, meaning that instruction can be solely
; presented by interaction with the computer. Tutorial CAl is
3 described as
frames of text and graphics . . . typically inter-
spersed with embedded questions such as constructed
) answer, true/false, multiple-choice, or matching ques-
" i tions. Immediate feedback messages and schemes
o (including branching to remediation or elaboration
* segments) are, in good measure, what makes the lesson
a tutoring experlience™ (46:21).
s Alessi and Trollip say that effective tutorials strive
g to present information or model skills and guide the student
through an initial use of the information or skills (4:65-
f 66). Tutorials "usually do not engage in extended practice
: or assessment of learning; . . . extended practice and
assessment are the domain of other methodologies® (4:65).
E These other methodologies are drill-and-practice and testing
‘ applications of CAI. Fi§ute 3 presents a model of the
general structure and flow of a CAI tutorial.
There are s.me cautions to be observed in preparing or
purchasing tutorials. Care must be taken to ensure that

tutorials do not become "linear, not highly interactive,

nonadaptive, and . . . take a view of the learner as a
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e ’ Introduction -——=p Information -—o Question and
oA T Response

!

Summary and < Feedback and = Judge
ot Exit Branching Response

1¥ Figure 3. General Structure and Flow of a

_ Tutorial Lesson (4:66)

I

s

g? passive recipient of information™ (46:22). The Naval Post-
i: graduate School uses computer tutorials to "train or retrain
i§ students in the use of (IBM and VAX) computer systems on

Zi’ campus® (67:7).

;7 Tutorials can be used to provide instruction in
%: virtually any area of study ranging from the humanities to the
:& social and physical sciences (4). "They are appropriate

" for presenting factual information, for learning rules and
}§ principles, or for learning problem-solving strategies"

% (4:65).

: | Simulation CAI. Simulation CAI is the use of
ss the computer to model a specific situation or process

%g which places the student into that situation or controlling
i? that process. Eisele says "Simulations take the form of

Eg presenting a situation to the learner, and requiring a

Eg response based upon a decision of how to act in that

; . situation, with feedback in the form of the likely
é% consequences of having acted in the way decided upon"
?3
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(24:15). *"Simulations usually operate in cycles.

Bach cycle begins with a simulation in a given state®
(46:22). The student is then given alternative courses of
action from which he or she makes a choice. This choice
then determines the state of the simulation or process in
the next cycle. Simulations can either "faithfully mimic" a
situation or process or they can interact "with the student,
coaching him or her and providing feedback on the
effectiveness or advisability of actions taken" (46:22).

The general structure and flow of a simulation is presented

in Pigure 4.

Introduction ———p Present —  Action
Scenario Required

!

Summary and <« System Updated @— Student's
Exit Based on Response
Student's
Response

Piqure 4. General Structure and Flow of a Simulation
(4)

Simulations can be run directly from a computer and its
display, they can operate in conjunction with other devices
or computers specifically designed to mimic a process, they
can operate actual mock-up operating equipment set in a test

situation (73). Stammers and Morrisroe call these last
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applications, which tie additional devices into the CAl
computer controlling the lesson, "adjunct training"® (73).

Simulations are familiar to many "having been employed
for training medical personnel in patient care, for teaching
some aspects of economics, ecology, genetics, and history,
and for training pilots" (24:15). Some experts believe
simulations are an improvement over tutorials and drill-and-
practice from a motivational standpoint since the student is
active throughout the learning process (4:172).

Inguiry CAl. Inquiry CAI combines some of
the features of Information, Drill-and-Practice, and
Tutorial CAI. However, with Inquiry CAI, the student
controls éhe subject, length, and breadth of instruction.
"Inquiry (CAI) allows the student to ge; to what it is he or
she needs or wants to learn"” (46:23). The student may
choose to simply practice some exercises pertaining to a
specific subject or receive instruction on that subject.
Inquiry CAI is “especially appropriate to those who need
refresher or brush-up training in very specific areas"”
(46:24).

Intelligent CAI. Intelligent CAI is the use
of the computer to "emulate the one-on-one interaction of an
instructional dialogue™ (46:24). Some, such as Enger et
al., claim that the "computer is very inflexible and thus
cannot usually react to a student's unexpected question.
Computers inherently have trouble helping students develop

‘synthesis' and ‘'analysis' skills" (25:140). Intelligent

3-18

v e L I Y Y LR I e R RV SR RS SRy [T > PRy ' .
£ L 1‘! L) W .‘l », ""'. ¥ f‘h’ %A 4 ."\, '.\ .'.- > M 15y h ...I'JI p b Wb T X '.‘~‘

LN Al e R o S AP Ll ) [ iR i S




CAI 1is an application under development which addresses this
problenm.

Intelligent CAI is a combination of CAI and the
use of Artificial Intelligence techniques to provide
"Socratic dialogues or meaningful coaching” (46:24) for the
student. The objective is to approximate the human student-
teacher interaction where the teacher is a subject-matter
expert, knows or determines what the student's present level
of understanding is vis-a-vis the subject, and knows how to
present the subject to the student in a manner that
facllitates understanding. 1Intelligent CAI as yet does not

exist, but is considered to be the future form of CAI (46).

Summary

This review of current literature on the subject of
computer-assisted instruction (CAI) provides answers to the
three introductory investigative questions.

The answer to question one discussed the problems with
the lack of a specific, universally accepted term to
describe the use of computers to aid instruction. Addi-
tionally, a definition of CAI, the.term chosen by this
researcher, was presented.

The answexr to the second guestion provided an insight
into how CAl is developed and used.

The answer to the third gquestion presented six forms of
CAlI: informational, drill and practice, tutorial, inquiry,
simulation, and intelligent CAI.
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1V. Rducational Impact of CAL

Qverview

This chapter will provide the reader with insight into
questions related to the educational effectiveness of CAI,
the cost effectiveness of CAI, and the tools necessary to
implement CAl in an educational or training setting. The
fourth, £ifth, and sixth investigative questions presented

in the methodology are answered in sequence.

Question 4

What does current research indicate about the
educational effectiveness of CAI versus traditional
classroom instructional methods?

To answer this question we must look at two aspects of
what one may define as effectiveness. The first of these is
qualitative. Normally, a measure such as student achieve-
ment on some standard test instrument is used to judge the
gualitative effectiveness of a teaching method (28).
Secondly, CAl must be judged on its guantitative effective-
ness. To measure gquantitative effectiveness, the study
examined the effect of CAI on the time it takes to present
the material to a student and have the student attain the
desired leazning level.

CAI Effect on Student Achievemspt. The qualitative
success of any educational process, tool, or method |is

judged by the success it has on student educational achieve-
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ment. Any method or tool that does not result in student

achievement equal to existing methods is of questionable

value to the educator. Hence, part of the research on CAl
has focused on the effectiveness of CAIl as mesasured by
student achievement.

Some educators are skeptical about the value of CAI.
Hanley warns that CAI is a novelty and as such has inherent
motivational properties that will wear off as soon as the
novelty effect is gone (36:36). Palozola says, somewvhat

tongue in cheek:

What's wrong with (CAI)? In a word, its
boring. The key to learning-motivation,
which often is boosted by the instructor-
is missing entirely. Multiple-choice
branching . . . is monotonous . . .these
innovations tend to be one big yawn for
trainees used to the marvels of televi-
sion, cinema and video arcade games (62).

However, Hanley summarized the results of a meta-analy-
sis review of 48 such studies by stating, "students who had
received CAI outperformed students who had received only

conventional instruction in 81% (39) of the cases" (36:26).

Other researchers also confirmed higher achievement using
CAI. Wilkensen and Chattin-McNichols used CAI to train
police officers on the effects of a Supreme Court decision
on an existing law. They demonstrated that CAI resulted in
20% better officer understanding of a specific law change
versus traditional department training methods (83). Valuk
reported on the use of CAI in an elementary school to

improve student math skills. While his results are not
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quantified, he reports that CAl students have demonstrated
better performance (76). Managdemsnt Review reporters inter-
viewed educators at the Catholic University of America and
found that “students . . . can learn spelling faster and
more easily by using computers because” they are not ham-
pered by the "mechanical difficulties posed by writing
manually” (9).

Increased performance from the use of CAl was also
noted by researchers at the Air Force Academy. Enger et al.
reported an experiment conducted using two student groups,
each "reasonably similar in ability," one of which accomp-
lished its homework assignments via a computerized drill-
and-practice program and the other by conventional methods.
The group that used the CAlI drill-and-practice routine "did
nearly twice as well as the other group" when tested on the
lesson subject matter (25:137-38).

Other researchers have concluded that CAI is equally as
effective as traditional classroom instruction (20, 21, 28,
43, 51, 64). Dossett and Konczak concluded quite plainly
that "CAI is at least as effectlvg as conventional classroom
or programmed instruction®™ (20:44). Additionally, Lepper,
attempting to stimulate debate on CAI, writes about gual-
ities of CAI as compared with traditional instruction. He
credits CAl with being not only equal to traditional
instruction in many respects, but with additional capabil-
ities such as providing immediate feedback, providing types

of feedback not normally available in the classroom, and
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providing highly specialized individual training (51).
Moxeover, Dossett and Hulvershorn conducted a study using
CAI on Alir Force trainees in technical training school.
They reconfirmed ecarlier studies proving the results of CAl
delivered instruction to be statistically equal to the
results of traditional classroom instruction from a student
achievement point of view. They also showed CAI was a much
faster method (21). Additionally, Par:ry et al. mentioned
several efforts they examined that demonstrated CAI produces
*student achievement about equal to that achieved with
traditional instruction®™ (64:33). Another researcher,
Gerardo, conducted an experiment that demonstrated that CAI,
in conjunction with traditional classroom training, results
in improved student performance (28). Specifically, he
concluded that "student learning in a FORTRAN course deliv-
ered in the traditional lecture mode is significantly
increased when supplementary CAI resources are made avail-
able® (28).

Burns and Bozeman conducted a meta-analysis of studies
of CAI effectiveness in the mathematics curriculum area
(7). They concluded that

The analysis and synthesis of many studies do point

to a significant enhancement of learning in

instructional environments supported by CAI, at

least in one curriculum area - mathsmatics (7:37).

Pexhaps the most comprehensive study of this area was
performed by Kulik, Kulik, and Schwalb (Kulik et al.). They
performed a meta-analysis of 25 studies of CAI applied in
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the arzea of adult education over a wide range of subject
azeas (48). Their results indicated that CAl "raised final
examinatioa scores in the typical study by 0.42 standard
deviatioas, or from the 3%0th to the 66th perxcentile”
(48:248). These results were similar to results they had
found earlier wvhen performing msta-snslysis on studies
pexformed at the eclementary, secondary, and college levels
(48:248).

Soms of the differences between the results of the
studies mentioned earlier concerning CAl's instructional
effectivensess, may be due in part to the way the study was
conducted. Johnson, Johnson, and Stanne (Johnson et al.)
demonstzated that the leazning environment under which the
instzuction is given impects the effectiveness of CAIl.
Stedents subjected to CAI under what Johason et al. term
"cooperative learning” (conditions where students' achieve-
ment is based in pacxt on the achievement of the group as a
whole s0 that competition within the group is miniaizsed)
outperfors students who work individually or in groups where
members compete amongst themselves (45). The implication ot
this £finding is evident with regard to instructional devel-
opment. The conditions created by the developer impact the
effectiveness of the CAl lesson developed. Moreover, this
may explain why -o-n'o! the studies showed greater achieve-
ment than others.

Thus, the evidence to date establishes that CAI pro-




duces results at least as effective as, and in some cases

more effective than, traditional classroom instruction.

CAL Rffects on Inatzruction Time. The second, orx
gquantitative, aspect of CAI is its effect on length of
instruction time. This perspective is important because it
is not enough to demonstrate that a new educational tool or
method is successful only by the criterion of student
achievement. An educational tool or method must also
provide the expected level of student achievement in an
acceptable amount of timge. For example, a new teaching tool
that equals traditional classroom student achievement
levels, but only after an instructional period twice as long
as traditional classroom instruction, is of little practical
benefit since it is essentially half as efficient as
txaditional classrooa instruction. Thus, research has also
focused on the effects of CAI on length of instruction.
Indeed, "the need to decrease training time while maintain-
ing, and even improving mastery of the subject matter is
bscoming the focus of management's attention™ (57:12).
Gordon and Lee suggest that the use of CAI could cut down a
normally five-day meeting to a three-day meeting (33).

Past and recent research bears out their suggestion
that CAI actually reduces instructional time and provides
equal levels of ~tudent achlevement. 1In 1967, Grubb re-
ported that "V¥. Uttal, investigating the effects of special

terminals connected to an IBM 650 system, found that at the

end of 50 hours of stenotype instruction at the terminal,
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college students were performing at a level equivalent to
people exposed to 200-300 hours of conventional instruction”
(29:77). Noxe recent research by Parry et al. on seven
studies of CAIl demonstrated that CAI reduced leagth of
instzuctional and/or learning time over conventional class-
room instruction time (64:32-34). These results were con-
vincingly validated by experiments by Dossaett and Hulver-
shorn. They demonstrated that CAI produced a 37\ reduction
in training time over conventional training methods for Alr
Porce personnel in a technical training program (21:553-
555) .

Kulik et al. found as a result of their meta-analysis
of CAl adult education studies that "In twealve of the
thirteen studies reporting instructional time, the computer
did its job guickly®"--on the average about a 29% reduction
in instructional time over conventional teaching methods
(48:249).

Dossett and Hulvershorn also recognized that many
schools and universities could not afford to purchase suffi-
cient computer terminals for individual student use. There-
fore, they decided to conduct another experiment to see if
there would be any detrimental effect to pairing students at
a terminal. They discovered that student pairing had a
synergistic eifect and actually resulted in an even greater
reduction (49%) in training time (21:555-557). Additional
evidence to support this £finding comes from an earlier study

by Grubb. He reported that "the effect of pairing high
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(performing) students in the study had little effect on
immediate error rates (the measurement of performance)
within the course as measured by their controls. With low
(performing) students, however, the pairing arrangement
reduced immediate error rates twenty five to fifty percent
(25-50%) over their controls™ (29:77).

With regards to retention of knowledge, very little
research has been reported. One study of the effectiveness
of CAl to provide foreign language instruction tested
students some time after their lesson was completed. The
results indicated that the students who received the CAl
tzreatment still out-achieved their counterparts who had
received the control lesson (language tapes)(44). Kulik et
al. recommended that "future evaluvatjons of adult [CAI]
might therefore pay more attention to such areas" (48:249).

Thus, the weight of evidence clearly establishes that

CAI can reduce instruction time over conventional classroom

instruction (20, 21, 29, 44, 48, 64). The obvious benefits
fxom this are cost savings. As Dossett and Konczak con-
cluded, "shorter tzaining times . . . translate directly
into increased efficiency; training costs are lower and a
greater number of graduates qualify for work assignments

in a shorter period of time™ (20:44¢).

Question 5

What does current research indicate about the cost

effectiveness of CAl versus other instructional methods?
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In 1967, some estimates of the cost of CAIl wvhere
as high as $100 per hour of on-line instruction (29:33).
Other estimates based on purchasing a mainframe computer
system, using it effectively, and amortizing costs over
10 yeaxrs, came in as low as $4¢ per hour (29:33). Yet, even
then educators and researchers felt the associated costs for
CAl were economical. At that time, Kopstein said "I have
studied the economics of CAIl and find that on the basis of a
per hour-per student cost of instruction, a favorable
comparison is possible with conventional classroom
instruction® (29:33).

Today, a personal computer with the power of a
$10,000,000 machine of 30 years ago can be bought for under
81000 (4, S1). 1In light of the increasing capabilities and
decreasing costs of today's computers, one could conclude
the economics of CAI should always be favorable. Lewis et
al. detailed conditions under which they believe CAI can be
cost effective. Those conditions are wvhen

(a) [CAlI] costs the same as conventional instruction

but contributes more to student achievement in the

same amount of instructional time, or (b) it costs
less or results in less training/instructional time
for students to achieve the same learning outcomes as
conventional instruction and/or (c) it results in an
increase in student-teacher ratios (which can be
translated into lower overall costs to the system)

(52:93).

Rose agrees with this last point when he states that with
CAI "student to instructor ratios could be doubled, as a

conservative estimate, without sacrificing the gquality of

instruction” (67:8).
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However, some researchers disagree with this conclu-
asion. In 1982, Shavelson and Winkler stated that most cost
effectiveness studies done up to that point had been flawed.
Specifically, they noted three categories of gross assump-

1 tions made in many studies. These they called assumptions
about the hardware and software components of the computer
system (such as overestimating system capabilities), assump-
. tions about the rate of use of the system (overestimating
use), and assumptions about the life span of the system

(overestimating life span) (71:3). They warned that too

many studies focused only on the hardware cost of a CAl
system and not on the personnel, maintenence, and operating
costs. Indeed, they cited research that indicated that only

28 percent of the total annualized costs are hardwvare
related (71:4). Consequently, CAl cost effectiveness
xeports should be reviewed carefully with the above possible
flaws in mind.

This researcher could £ind few detaliled cost analyses
in the literature. Some researchers would simply equate CAI
use with cost effectiveness. One study, which reported much
of the costs assoclated with the study, concluded "The
results of this initial study demonstrated that the system
was utilized, making it a cost-effective curriculum tool"
(42:45). Clearly, a system that is not used cannot be cost
effective; however, just because a system is used does not

guarantee it is cost-effective. Indeed, the cost per hour
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of student instruction at the end of the study was approxi-
mately $4.20 (rental cost divided by number of hours used)
(42:45), a figure which some would consider too high.

' : The conclusion of another study report was similarly
flawed. This report made no mention of costs until the
conclusion which contained the statement "since students in

the computer group attained even higher levels of mastery of

O

the content, these CAI modules were certainly economically

advantageous to faculty.. . . They were also time- and cost-
efficient" (72:66).

Another consideration in performing cost analysis of

-

CAI is presented by Schlechter. He reports study results

that indicate that CAI time savings may be due to self-

C e
P e e

pacing, a characteristic of other less-expenive instruc-
y tional methods such as programmed text (68:5). Indeed,
little argqument can be offered to refute that if a require-
ment can be met by programmed text that it should not be so
! done. The key feature of CAI is interactivity. If an
instructional requirement demands interactivity then CAI,
txaditional classroom instruction, or another interactive
method must be used.
" Addjitionally, CAI cost effectiveness is not simply
} answering the question, "Can we afford it?" CAI must be
o compared to other methods that will fulfill the lesson
: . requirements along cost effectiveness lines. Thus, the
guestion the educational programmer must ask is more like

the following, "Is CAI the most cost effective teaching
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method of those methods that will adequately do the job?"
When doing this comparison, it is imperative that "all
potential costs for [CAI] and the alternative medium must
also be identified and examined®™ (68:11). Some of these
potential costs include "associated documents (e.g., work-
books), and furniture (e.g., carrels, tables, chairs) all
{of which] need to be financed and procured” (46:32). Other
considerations include facility modifications such as elec-
trical hook-ups and air conditioning as well as human
factors considerations such as room color and lighting
(46:32-33).

The following general guide is provided by one group of

researchers to assess the cost effectiveness of CAIl:

1. Identify the costs of traditional instruction.

2. Identify separately the costs associated with the

development, implementation, and operationalization
of CAI instruction.
Measure the effectiveness of trainees in the field
who are graduates of each mode of instruction.
Identify the costs of repairing any deficiencies
associated with the current training methods.
Compare the two systems to determine if the
investment in CAI is warrented (46:35-36).

AMditionally, Schlechter advises that "Cost analysis

must be done for each (CAI]l implementation™ (68:11). In

other words, one cost analysis should not be used to justify

& blanket adoption of CAI over other methods.
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In summary, "research studies on the cost effectiveness
of CAI have been inconclusive;. . . most decisions to
implement CAl, therefore, are based on the consideration of

{qualitative) benefits" (46:36-37).

Questjon 6

wWhat hardware and software Qze necessary to build CAI
lessons?

The tools required to build and present CAI lessons
include both hardware (the physical equipment and components
of a computer system) (13), and software (the programs and
other instructions that govern the operation of a computer
system) (13). Hardware considerations include a variety of
factors such as the computer input device, memory size,
color/monochrome display, and interactive video. Software
considerations include the choice of the software language
or program used to develop the lesson. These specific
considerations will be addressed in more detail below.

CAl Development Tools-Hardware. In years past a
large majnframe computer was necessary to provide CAIl.
However, today "multi-purpose microcomputer systems offer
the ability to handle programming, CAE (Computer-Aided
Engineering), CAI, and software development" (37:741).

Inpyt Devices. Input devices are the tools used
by the student to interact with the computer system and
hence the educational program jitself. Such devices include

light pens, joy sticks, touch-screens, thumb-ball, computer
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mouse, and keyboard (11). Today's authoring systems "can
accept and analyze screen positions entered with cursor
keys, light pen, mouse, or touchscreen" (47). The litera-
ture does not contain a great deal of information about
input devices. However, input option is a choice that
must be compatible with the lesson design (39). A light pen
alone may be a good choice for pointing out objects in a
tutorial but not a good choice for short answer questions on
a subsequent quiz. A touchscreen "allows direct hand/eye
interaction and requires no additional desk space or other
devices" (49:4). Unfortunately, some researchers report
that a "touchscreen does not always detect 'touches'"
(49:4). Army researchers found it necessary to provide
audio confirmation for students by modifying the lesson
program to produce a clickihg sound after each touch input
& (49).
Some experts advise that multiple input means

may be preferable (39). For instance, a fire-fighting
silulation developed for the AFESC uses both a keyboard and
a touch screen to accept input (40). In any case, the
choice of input device(s) must be made dependant on the
instructional objectives and upon projected future needs
(39). |

Memory. One consideration affecting hardware
choice is the amount of available memory, commonly called

random access memory or RAM, offered by the computer.
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Simple CAI applications such as linear simulations
require little memory (11). However, more involved applica-
tions such as "complex simulations demand more of every-
thing® including memory (11:1IV7, 39). Some authoring
systems require a large amount of memory to develop lessons
(640K for Maestro/PC), but much less to execute theam (53).
Thus the machine chosen to deliver lessons could have a
smaller memory, an option which equates to less cost than
the authoring machine's. An important consideration regard-
ing memory is to consider present and future needs and have
memory enough available for those needs (39). Some experts
felt that in the future machine memory is not likely to be
the stumbling block it was in the past. New technology such
as the videodisc and compact disc are overcoming many past
limitations (39).

intexactive Videodiac. An application of CAl
receiving much attention these days is the combination of
the computer and CAlI software and the videodisc machine
(6, 67, 75, 77). Interactive videodisc (IVD) permits the
display of picture frames and video segments, and brings
sound/voice into the CAl process. "The videodisc has a
number of distinct advantages when used for interactive
learning. It provides extremely high-density storage (54,000
indivdual frames per side), quick random access, and high
replicability® (77:173). Rose said that IVD should be
thought of as "a random access, variable speed film pro-

Jector” (67:28). MHe further describes IVD's capablilities as




similar to that of "a film projector capable of infinitely
varliable speeds from three times normal to still frames,
{with) random access to any frame of a 30 minute movie in
less than a second” and with capability of playing in
reverse as well (67:32). The operation of the videodisc is
as described below:
Images are carried deep within a plastic disk in digital
form and read by a low power laser beam. No contact is
made on the rotating disk by a needle or film shuttle
8o the image will not be scraped off. It is almost
silent in operation. The accessing of frames and all
other functions of the player can be computer
controlled on most industrial models. [(67:33].
Verano, speaking for his collegques at the Air Force
Academy, salid the following of IVD with regard to IVD's
¥ capability to enhance lanquage instruction:
| We feel that one of the most promising developments in
approximating this interactivity and purposeful
communication . . . is the microcomputer/videodisc
combination. With this technology we can come
; remarkably close to simulating an actual German or
, Prench or Spanish speaking environment, creating a
mini-world, as it were, for the student, allowing him
or her to interact with the material being presented
(77:172).
His feelings are echoed by DeBeers, who believes
f "videodisc optical technology is the wave of the future"
(14:C10). Yet some, such as Gery, are not convinced that
IVD will be any more effective than present CAI methods.

She said IVD is "very expensive, very inflexible, and it

adds another layer of complexity. If we don't understand
interactivity yet, we don't need another layer of complex-

ity" (30:C8).

4-16




Despite doubts such as these, "the use of video is

exploding in many organizations® (6:27). As Bové says:

the videodisc enables trainees to go through

simulated exercises that would be difficult or

dangexrous to recreate realistically. And, the

videodisc has proven effective in more mundane
mechanical and technical training in which computer
skills necessary for job functions are built into the

program [6:27]}.

Colox. The use of a color display in CAI would
appear to be either a nice-to-have option or a necessity
depending on which expert is consulted. Conkright states
color aids in keeping the student's attention:

[Color] holds his attention and holds it longer.

This in turn greatly increases the chances that

the learner will actually complete the program.. . .

(Hlaving completed a color program, the learner will

moze likely evaluate it as a good program and perhaps

even tell (peers) about it. This of course completes
the loop, helping to motivate others to get started

(12:166].

He goes on to cite a review of almost 30 studies about
the use of color to provide improved learning and retention,
conducted by Durrett and Stimmel, whose main conclusion was
that "color should be used selectedly to draw attention to
specific material”™ (12:164). However, this study concluded
with a warning that "too much color appears to be detri-
mental® (12:164).

Rose believes "color is used effectively in most of the
modern software to either differentiate entries or just to
make the lessons less boring” (67:27). Conkright identified
several key areas where the use of color may be a critical

factor:
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1. Vhere the subject content includes the skill of
color discrimination, such as determining the meaning
of a certain color code on wiring or the meaning of

a coloxred warning light.

2. VWhere there is a need to put a lot of information
on a computer monitor, thus necessitating the need for
color so the student can discriminate between blocks of
information. Here color can make it easier to under-
stand any graphics in the lesson.

3. VWhere there will be three dimensional
representations. "See-through drawings and complex
surface contouring done in monochrome can be extremely
difficult to intezpret. Additional colors for each
layer greatly assist the user."

4. Vhere there will be realistic simulations and
animation. These amplify the need for color. "Color
increases the fidelity or realism of nearly every
simulation” (12:166-68).

FPinally, Alessi and Trollip recommend the use of color

to provide emphasis in tutorial CAI (4:83).

CAL Development Tools-Softwazre Chojices. Besides hard-

ware, there are two other variables in the CAIl lesson

development process: who does the lesson development and

what tool (software) they use. Briefly, the first variable

is basically a choice from a range of people, starting with

the subject-matter expert (SME) alone or working with a team

consisting of the SME(s), measurement speclalists, media
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specialists, programmers, CAI designers (46), and “even
pexrsonnel outside the organization such as occupational
survey specialists from the USAF Occupational Measurement
Centexr® (17:1-5). Kemner-Richardson et al. outline four
types of lesson development groups: "the inpired programmer-
author, the traditional development team, the computer-
supported development team, and the computer-gquided author"
(46:27-29). The SME can be an acadeaic instructor or a
recogniszed expert outside of academia. The CAI designer is
an expert in course formulation for presentation via the
computer.

The second variable is the choice between four types of
software tools available for lesson developmsnt. Those
software tools include higher order languages, authoring
languages, authoring systems, and design systems (46:40).

Higher Order Languages- "A higher orxder
langquage is a general-purpose computer language that can be
used for a variety of applications, including the develop-
ment of CAI courseware” (46:78). Higher order lanquages are
the popular programming languages such as BASIC, COBOL,
FORTRAN, and Pascal. Use of such languages has certain
advantages and disadvantages.

On the plus side, higher order languages tend to be
re'atively inexpensive from the view of software costs..
Many computers come with such languages included at no extra
cost. A second advantage of such languages it that lessons

developed using such languages tend to be easily transport-
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able from one machine to another with little or no changes
to the program code. Por instance, a lesson written in Wang
BASIC for a ¥ang computer systeama can be easily modified to
zun on BASIC on a Zenith system.

On the other hand, because such languages contain no
commands specific to CAI, even the simplest of actions
requires a great deal of programming code. A second
disadvantage of higher order languages is that a great deal
of p:oqzannlhq experience and a great deal of time are
necessary to develop even the most elementary of lessons.
Thirdly, once developed, a CAI lesson will be very difficult
to modify or update because of the size and complexity of
the program. Finally, extensive training is required for
the non-programmer (like the subject matter expert) to be
able to use a higher order language independently of a
programmer. Thus the use of a team approach to lesson
development is virtually required.

Authoring Landuages. An alternative to a higher
oxrder language is an authoring language. Kemner-Richardson
et al. describe an authoring language as

. . & special -purpose computer language specific

to the development of CAI. The command structure

of an authoring language is specific to the instruc-

tional functions that are necessary to present text

or graphics, accept student input, evaluate student

input, and branch program control based on the input

made (46:83).

There are many coamerc!ally available authoring languages,

each developed for a specific piece of computer hardware.

Foxr example, PC/Pilot is available for the IBM Personal




Computer or its clones, and MacPilot is available for the
Apple MacIntosh (65). As with higher order languages,
authoring languages have theixr advantages and disadvantages.

Authoring languages have an advantage over higher order
languages in that they offer additional commands that
address functions unigque to CAI. Some of the functions
avallable in an authoring language may include sound
generation, waiting for a specific time period to elapse,
maintaining a student record on file, matching a student's
answer against a file of acceptable answers, or branching or
Jumping to another destination in the lesson (65). Any of
these functions could be executed by a simple command as
opposed to the string of commands that would be necessary to
execute a simllar action by a higher order language. Thus
the use of an authoring language results in an overall
smaller program to present a given lesson. Moreover, a
lesson developed using an authoring language is easier to
modify or update because the program code is less compli-
cated than that associated with higher order languages.
Finally, authoring languages are usually designed to operate
with and support a varlety of external devices such as:
mouse, touch screen, light pen, compact disc, and videodisc
(65).

One disadvantage associated with an authoring language
is the costs involved with its use. Such costs usually go
beyond purchase price and can include complicated licensing

arrangements based on the number of sites using the softwvare
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or the number of lessons, and copies of these lessons,
produced. A second disadvantage is the requirement for
training or experience, by the lesson developer, with the
language itself. Finally a lesson developed using an
authoring language is usually machine-specific, meaning it
will only operate on one specific type of computer (or any
other computer the emulates that computer).

Authoring Systems. An authoring system is essen-
tially a program that allows for the development of CAI
lessons by the use of prompts, menus (may be graphically
based using a series of icons and a computer mouse), and
help sequences (46:88). Authoring systems produce a spec-
ially formatted database consisting of the blocks of lesson
materials as well as quizzes, answers, remedial sections,
and all instructions necessary to connect these blocks
together as the lesson developer intended. Authoring
systems are generally broken into two parts. The first, the
authoring program, "leads the author through the creation of
a lesson database."” The second, the delivery progranm,
takes "the creative database and conveys it as a lesson"
(46:90) to the student. Authoring systems have their own
advantages and disadvantages.

One advantage of an authoring system is its efficiency.
Goxdon Schleicher states "Authoring systems . . . have been
shown to reduce the time needed to write a CAI lesson by up
to 90 percent”™ (69:20) over other methods. A second

advantage is ease of use. Authoring systems are menu
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driven, a fact which allows the lesson writer to simply pick
a function from the menu to invoke an action or routine. A
third advantage is the minimal training time necessary to
master such systems. Kemper-Richardson et al. state that
"the effective use of an authoring system can usually be
gained in one week; whereas . . . as long as one year (is]
needed for the effective use of an authoring language"
(46:88).

One major disadvantage of authoring systems, like
authoring lanquage, is the associated costs. Front end
costs for the program itself will be expensive, and
licensing costs will add to this basic price. In some
instances, these licensing costs can dwarf the actual
program costs. A second disadvantage is the loss of
flexibility to the lesion developer. Authoring systems
require the writer to follow a predefined format and use the
functions specified by the system, which may not be ideal to
the lesson at hand. Finally, authoring systems are machine
specific, like authoring languages. Thus a lesson developed
on one type of computer will not run on another (78).

Desian Systems. The last software choice avail-
able to the lesson developer is a design system. Design
systems are an extension of authoring systems in that they
"organize the content of a lesson, course, or curriculum on
the basis of a learning model and/or instructional model
appropriate (to] . . . an area of instruction (i.e. management

training, electronics trouble shooting, mathematics, etc.)"
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(46:92). Essentially, the lesson developer will have a

series of systematic design processes to choose from (or the
design system will be orientated to some specific subject)
one of which is more appropriate for the subject.

The design system, then, has all the advantages and
disadvantages of an authoring system, but has an added
advantage of allowing the lesson developer to choose the

lesson design process most appropriate to the subject.

Sumsaxy

This chapter presented answers to the second three
investigative questions concerning the educational impact of
CAI.

The answer to gquestion four discussed the educational
effectiveness of CAl froam two standpoints, student
achievement and instructional time, and presents studies
which indicate that CAl results in improvements in both
aspects over conventional instruction.

The answer to question five dlscussed the cost
effectiveness of CAI. In general, it was shown that few
good cost analyses of CAl have been performed. Moreover,
some ideas relating to the method of performing better cost
analyses were presented.

The answer to gquestion six discussed the tools
necessary to build CAl lessons. Both hardware and softwvare

considerations were presented.
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V. Civil Enaineering Applications

Qverview

The purpose of this chapter is to present and examine
issues relative to the application of CAI to Air Force Civil
Engineering instructional requirements. Specifically, the
¥ researcher investigated how others have used CAI, how the

decision to choose CAI as an instructional methodology could
' be modeled, and how the "Wang VS" computer compared to the
" "Z248" as a CAlI authoring and delivery device. These are
the final three investigative questions presented in the

W methodology.

Question 7
How has CAI been used by others to meet training and

educational requirements similar to those of Alr Force Civil
Engineering?

CAl has been and is being used to provide instruction
I across a great many subject areas. Prom 1984 to 1985,
Electronic Learning magazine reviewed and reported instruc-
& tional software and applications for subjects such as social
studies, writing, foreign languages, math and problem sol-
ving, general science, vocational educational, business
¥ education, and arts and music (50). Unfortunately for Civil
v Engineering, much of this software is geared to elementary
and secondary school requirements. Besides the above appli-

cations, studies mentioned thus far in this thesis covered

$-1

g A . " ” - L [T %] LY A7 LTS AT
KSR IR L I AT X M RIS WY I, X IO O e 0 I P I W (WM l‘.



such widely divergent applications as police officer
training (83) and foreign language instruction (44).
" Civil Engineering Instructional Requirements. Before
B reviewing the literature it was necessary to define Civil
Engineering instructional requirements. Current Civil
é Bngineering instructional requirements are essentially
5 broken into two broad categories: vocational-style techni-
' cal training for the base-level craftsmen, technicians, and
speclalists of a BCE organization (38) and undergraduate to
graduate level education for Civil Engineering officers,
senjior NCOs, and civilian managers (60). Civil Bngineering
3 training is oriented to fulfulling the day-to-day, peacetime
! requirements for real property maintenance. Civil
Engineering education is oriented to keeping people current
4 on today's technology, to prepare for tomorrow's
: challenges (60), and to provide skills not already obtained.
In the future, Civil Engineering instructional require-
? ments are very likely to expand. The former Dean of the
f AFPIT 8School of Civil BEngineering and Services, Colonel
’ Marshall Nay, advocates expanding the traditional range of
Civil Engineering training and education to include expanded
readiness training and education, and foreign language

instruction (60).

In this section, training and education have been
addressed separately. Applications of CAl that were similar
to the above requirements have been reported. Readiness

training, as Colonel Nay described, could include equipment
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famjiliarization for all Civil Engineering personnel includ-

PR ——

ing officers (60). Consequently, the traditional instruc-
ﬁ tional requirements mentioned in the previous paragraph may
X undergo drastic expansion in scope. Thus, CAI applicability
to some of these proposed requirements was considered.
Technjcal Training. According to researchers,
; CAl training applications at the technical level in the
private sector did not appear to be extensive. For
! - instance, Hata reported the results of -a survey of
engineering technology programs} He indicated that
*seventy-five percent of the programs reported no use of CAI
materials within the curriculum” (37:740). Hata also re-
ported that of those within the electronic technical train-
ing field that do use CAI "the areas in which CAI is being
K used are basic electilc circuits, digital logic, and elec-
N tronic devices" (37:740).
Other reported vocational applications of CAI are to
"jidentify parts, review safety rules, and learn operating
" procedures® (50:42). Some experts have created vocational
CAl tutorials. Leiske mentions one tutorial whose subject
é concerned welding with an acetylene torch (50:42).
3 One promising method of using CAI to provide or assist
in technical training is the use of a computer to simulate a
pilece of equipment. A similar application is the use of a
computer to control] a piece of equipment (testing equipment,
for example) and present a variety of problem situations to

' the student. Stephenson reported on the success of this
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method of using a computer, CAI software, and an interface
device to provide technical training on the use of sophisti-
cated testing equipment (75). The computer can sense the
equipment's settings, provide a simulated testing scenario,
and directly critique student actions (75). "In such a CAl
system, the individual instru-ments will act as talkers or
listeners . . . but the controlling computer now has an
added role to play, namely that of 'teacher'" (75:6-8).

Stephenson contends that the interface device between
an instrument and a CAI computer gives the instrumentation
instructor a "CAI capability of unlimited potential" (75:6).
He further envisions:

« « « an Al [Artificial Intelligence) system being used

to teach a student how to use an instrument he or she

has never seen before, by starting with general
precautions and initial 'power-up' control settings,
continuing through the functions of the various
controls, and leading up to the subtleties of
interpreting data from the instrument when used to
observe the output from other components in the Al
system or from a test circuit the student has built

(75:8).

This method of instruction has potential application to
Civil Engineering technicians who deal with instrumentation
and equipment calibration. Consequently, this method is
being investigated by the Air Force Civil Engineering and
S8exvices Center (38). If pilot studies underway indicate
that this is a viable training method for Civil Engineering,
then technical trades such as heating, refrigeration,
controls and alarms, and power production, which have been

initially identified by Civil Engineering Educational

»
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Programmers, will have their training reguirements reviewed
for accomplishment by this method (38).

Alx Force researchers have already demonstrated that
students perform at least equally well on equipment simula-
tors as on the actual equipment itself and in some regards
students perform better (55). Massey found that students
tzained on an equipment simulator (for the 6883 test
station) "tend to perform better on troubleshooting prob-
lems®™ (55:11177).

While the literatuze does not indicate a great deal of
actual CAI training applications, training using CAI in the
‘military has been fairly extentively gxplored by all service
bzinchos. The Army has used ¢AI to provide combat vthiclc'
identification training (34). Moreover, the Army has
tested, and found workable, the use of CAIl to provide
training in armor platoon tactics by way of simulation (49).
They have also developed and tested a small arms weapon
trainer wvhich uses a 1light pen attached to a weapon to fire
at computer generated targets. The Army expects to use this
device to provide training on the Mi6Al xifle, M203 grenade
launchez, M72A2 light antitank weapon, and Mark 19 automatic
grenade launcher (70).

The Alr Porce Engineering and Services Center (AFBSC)
is also exploring the use of CAI to meet training needs (138).
Simulation CAI prototypes for firefighters are under
development (35). One has already been developed and tested
that is based on fighting a fire on a Cl41 aircraft. Re-
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ports indicate that the simulation is highly successful at
tzxaining firefighters on the tactics necessary to combat
Cl41 fires (40). AFESC educational programmers are in the
process of developing a second simulation based on an F15
aizcraft. Presently, they are also deciding what hardwvare
to purchase and distribute to allow delivery of these
lessons at individual bases (35).

Another application being explored by the AFESC relates
to readiness training. Experts have developed a prototype
rapid runway repair (RRR) training simulation for RRR team
chiefs and crater chiefs. Their purpose is to provide the
RRR chiefs with a better understanding of the RRR process
and their role in it (66). .

Moreover, AFESC programmers have hired a firm to develop a
training lesson for heating systems specialists (38). This
lesson is aimed at providing boiler troubleshooting training
for the Air Force heating systems technician similar in
style to the equipment simulators discussed earlier (38).

In summary, the vocational or technical level use of CAI
does not appear to be well established. Few existing CAI
applications have been reported in the literature that
dizectly meet the requirements of Air PFPorce Civil Engineer-
ing. However, there may be numerous potential applica-
tions, some of which are being presently explored by the

APESC and others. Current research, especially by the

cations.

Department of Defense, may identify other potential appli- . !
b
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Edycation. The educational uses of CAI are well
discussed in the literature. Unfortunately, as mentioned
earlier, many of these applications are at the primary and
secondary educational levels. A review of a coursewvare
catalog such as Perscom’'s Educational and Home Software
Catalogqg illustrates the variety of educational micro-
computer software available today and the proportion of f{t
designed for the elementary and secondary level student
(-23).

However, not all CAl educational software is at the
secondary level. The Alr Force Academy uses CAI to assist
in undergraduate level aptitude testing to allow proper
placement of students at a level appropriate to their
present knowledge (25). Enger et al. believe their
"Fundamentals Testing Program, is by far (their] most
ambitious and one of (their] most successful CAI efforts to
date" (25:135). Other academy CAI applications include the
use of graphical computer demonstrations in calculus to
help students "get a better understanding of some basic
concepts. "

Rose's analysis of the suitability of CAI in the
engineering curriculum at the Naval Post Graduate Institute,
led him to state "undergraduate level courses reviewing the
basic engineering disciplines are usually considered to be
the best candidates for CAI introduction" (67:25). Much of
the instruction given at the AFIT School of Civil

Engineering and Sexrvices (SOCES) 1is equivalent to lower
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graduate/upper undergraduate level engineering or manage-
ment instruction (60). These courses are specifically
tallored to the skills needed by the Civil Engineering
officer/manager in his/her specialty. Often these courses
review the basic fundamentals of the academic area prior to
actually introducing new material to the student. For
instance, in the electrical engineering courses the first
day is devoted to the review of electrical fundamentals
(26). CAI is being considered by AFIT instructors

as a means of providing review of subject fundamentals for a
potential student at the home base before he or she gets to
AFIT (26). This would reduce the time the student is on
temporary duty at the educational institution (or permit
more lesson material to be presented) and permit the
instructoxr to concentrate on his/her presentation of the new
subject material.

Another undergraduate level application of CAI is
related to foreign language instruction. Johnson and
Osguthorpe reported that CAI has been used as a method to
provide foreign language instruction (44). CAI, in the
language lab role, proved to be far superior to the typical
language audio tape with regards to knowledge achievement
and student attitude (44). Students could "physically"
respond to foreign language commands by way of manipulation
of figures on the computer monitor (44). Thus, given the
command in German to "Pick up the book," a student could

actually pick up the book (for instance, with a mouse) and
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maniputate it as instructed by the lesson. The Alr Force
Academy is also experimenting with CAI in the foreign
language instruction area.

However, not all higher level educational CAl
applications are limited to fundamentals reviews such as
those mentioned above. Graduate level uses of CAI have
been reported. Wharton wrote that the Harvard Law School
has used CAl extensively to ald in legal case study
analysis (81). Moreover, CAl was used to provide simulated
legal situations and problems that students would solve
(81). Additionally, Michail and Rovick used CAI in physi-
ology instruction to "assist in the achievement of many of
the goals of live animal experiment” by way of simulations
of cardiovascular and mechanical muscle response (58:24).

In summary, while the potential educational applica-
tions of CAI appear to be extensive, little existing
software is available to meet Civil Engineering educational
regquirements. However, many parallel applications have
been noted, such as fundamentals review, case study analy-
sis, and foreign langquage familiarization (if this becomes

a Civil Engineering educational requirement).

Question 8
What is the step-by-step process by which a specific
Civil Engineering lesson would be evaluated for CAl develop-

ment?
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Given the factors presented thus far in this document
and the additional factors about to be introduced, an
analysis of the decision process concerning the adoption of
CAl as an instructional medium was conducted.

Assumptions. The approach used was to take a hypo-
thetical Civil Engineering instructional requirement and
analyze the decisions and actions that would be necessary
in the evaluation process leading up to the decision to
adopt or reject CAl as the means of lesson accomplishment.
A starting assumption was that this hypothetical instruc-
tional requirement was a valid one that was beyond the
scope of more informal instructional techniques such as on-
the-job tzaiﬁlnq (0JT). In other words, the ahalylii that
would lead to the acceptance or rejection of a perceived
instructional requirement as a genuine one has been com-
pleted. The result of this analysis is assumed to verify
the requirement as a worthy one. The decision steps
necessary to determine if a particular requirement is valid
are covered in some detail in APM 50-2, Instructional
System Development (17); hence, they were not repeated

here.

Mditionally, this researcher assumed that the instruc-
tional requirements were all clearly identified prior to the
start of the process of choosing the instructional method-
ology. Thus, the instructional goal, the instructional
objectives, the target population, and that population's

characteristics were all assumed to be known.
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One final assumption made by this researcher must be
introduced. This assumption was that quantitative and
qualitative factors play an equal role in the decision
process. In other words, rejection on the basis of costs
was as final a rejection as that on the basis of qualita-
tive considerations. 1In reality, qualitative considera-
tions may be overriding. 1If CAI was the most "achievement
effective” method for an important instruction requirement,
then costs would, more than likely, play a less important
role in the final decision of an instructional methodology.
Mention of this possibility is made in the quantitative
portion of the CAl adoption decision model (Figure 6).

A specific instructional requirement was used as an
example in order to better lead the reader through the
process. This requirement concerned heating systems repair
specialist training for the heating AFSC (Air Force
Specialty Code). This example was chosen because it was the
subject matter picked by the AFESC for the prototype

training program it is currently developing.

Media Selection Process. McConville concluded:

Generally the internal steps of most media
selection schemes are less visible ... This
causes media (selection] decisions to be
developed into a pool of acceptable choices
where cost is the major determiner of the
training system selected. A more educationally
sound method is to combine the training
efficiencies and cost efficiencies of the media
selection model into a training measure of
effectiveness that can be used to determine the
best training system for the student learning
situation [56:269]).




IR
L N

- e m W e

AN OAN AR

L) -
Py AT AT Y iU A “ 0

Hence, the evaluation of CAI as an instructional method
must involve considerations besides cost, such as population
characteristics, alternate methods of instruction, hardware
avallability, software availabllity, organizational set-
tings, and numerous other factors.

Stephens reviewed 25 CAlI studies and identifjied 113
factors from these that were reported to affect the choice
of CAI as an instructional methodology (74). He consolida-
ted these and separated his resulting list of factors into
three categories: efficiency, effectiveness, and practica-
lity analysis factors (74:61-64). As depicted in his model,
efficiency analysis primarily involved cost/benefit analy-
sis, effectiveness involved factors iolatod to coursewvare
development and the net effect on learning, and practicality
involved such factors as student attitudes, student popuia-
tion, and logistics considerations (74:58).

However, the distinctions Stephens presented appear to
overlap. For instance, characteristics of the student
population was a major factor in the cost analysis and in
the practicality analysis. The analysis presented in this
document will divide the factors into two broad categories,
qualitative considerxations and quantitative (or cost) con-
siderations.

Qualitative Considerations. Qualitative analysis of
CAI involves a look at the suitability of CAI to meet the
instructional objectives. This researcher felt that

qualitative analysis should come before quantitative
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analysis because there would be no reason to conduct the
quantitative analysis if CAI was not an adequate instruc-
tional methodology. The reverse is not necessarily true.
If CAI is not the most cost-effective methodology, then
gualitative analysis would still be in order to determine
1f CAI would meet instruction objectives.

Qualitative analysis will include a review of the
population's characteristics, consideration of the time
constraints, consideration of resource constraints, and a
review of the subject material to see if it is suitable for
CAl delivery.

Population Characterjistics. One gqualitative
issue involves the tccopiivlty of the target population to
CAI delivered instruction. Some people are less receptive
to instruction via computer because of fears resulting from
either unfamiliarity with computers or as a result of
gender differences (63). With regard to the latter,

Parker and Widner stated that "females were more likely
then males to fear taking a computer course® (63:306).
Moreover, "evidence is emerging to suggest that computers
at the precollege level are being male dominated" (63:306).
Jay calls this general fear of computers phenomenon,
"computerphobia® (41), while others such as Schlechter call
it "computer anxiety" (68). Before CAI can be adopted as
an instructional method, the lesson developer must be able

to answer the question "Is the target population one whose

characteristics have been identified as being unreceptive




to Computer Assisted Instruction?"™ A negative answer is
important because people not receptive to CAI are less
likely to learn than those who have no resistance to CAI.
As Knapper (as quoted by Clements) reported, "Students
resistant to computer implemented instruction at the beqgin-
ning of a course learn less than they would with tradi-
tional instructional methods” (10:28).

Focusing on the example population of heating systems
technicians, one could conclude that there would be little
resistance to CAI because of gender. Virtually all heating
techniclans are male (a 1 September 1987 poll of the Heat
sShop and Heat Plants at Wright-Patterson AFB indicated that
of 19¢ pézlonnoi, none were female). Moreover, these
craftsmen deal with electronic testing equipment, are mech-
anically inclined, and have been exposed to today's heating
systems controls and technology which is largely micropro-
cessor based. In summary, one would expect little overall
resistance from heating technicians toward CAI as an
instructional methodology.

Iime Constrajints. As reported earlier, Moyer
states that "Technical problems in presenting information
(may) make it impractical to be presented by the computer”
(59:12). One of these problems includes time (59). Two
kinds of time constrain“s can come into play. PFirst,
there may be a limited amount of time on the part of an
expert or group of experts to develop a CAl lesson. The

amount of time to develop a CAl instructional lesson can
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range from 25 to 300 hours per contact hour of lesson (46).
Second, there may be insufficient time between the identi-
fication of the instructional requirement and the time

the instruction is required by the population. For,
instance, the identification of a safety-related problem may
require that immediate instruction be given to all those
concerned to prevent an accident or injury.

Thus, the question "Can the instructional requirement
wait the time required to prepare a CAI lesson?"™ must be
answered favorably. With regards to heating systems
training the answer would be favorable. The kind of
training proposed is general instruction meant to review

the scope of knowledge the heating technician already

possesses and as such is not time critical.

Resource Constraints. Other constraints could
impact the decision to adopt CAI as an instructional

methodology. Besides time, Moyer identified equipment as a

constraint (59:12). Kemner-Richardson et al. identify
"Hardware, software, . . . , physical and human factors,

A and personnel® (46:31) as resource factors in the CAl
adoption decision. These factors can operate as con-
stzaints.

Hardwvare resource considerations revolve around the
use of existing equipnent or the lease or purchase of new
egquipment (46:31). Hardware could act as a constraint if
selection is limited for political or other reasons.

Hardware can also constrain the selection of software.
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Since most authoring software is written for IBM compatible
computers, non-IBM compatible computers will limit the
choices avallable to the lesson developer. Specifically,
if there exists little authoring software for a specific
system then there is a greater likelihood that the software
capabilities needed may not exist in the limited selection
avajilable, as is the case with the Wang VS system as
discussed later in this chapter.

Another potential constraint on CAI adoption is the
physical space available within which to build CAIl study
areas with supporting documents and furniture (46:32).
*Changes to classroom facilities also have to be assessed
(e.g., room size, carrel layout, instructor station), as
well as a variety of human factors issues in classroom
design (e.g., lighting, air guality, room color, other
comfort factors)™ (46:32-33). These considerations may act
as constraints in some organizational settings. For
instance, in a heat plant it may not be possible to provide
good lighting, air quality, or reasonable noise level for
optimum learning conditions.

The final resource constraint to be mentioned here is
personnel. Specifically, the trained, experienced personnel
needed to develop, revise, and maintain courseware may not
be avajilable within the orqganization. Moreover, personnel
with the necessary experience may not exist or may be
unavajlable from outside the organization. Bven if the

organization has the needed exrerts, these experts may have
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their attention directed to higher priority workloads,

especlially given the extensive time required to develop CAIl
lessons.

In summary, the instructional programmer must be able
to favorably answer the following question in order to
pursue CAI as an instructional method, "Do the non-financial
resources necessary to develop CAI lesson material exist
within the organization or are they obtainable outside the
organization?"

With regard to a heating systems CAI lesson, this
gquestion may not be an easy one to answer. While the
hardware, software, and personnel constraints may be over-
come with adequate financial resources, the physical and
humar factors may not be so easily overcome if instruction
was to be given in the shop. For the purposes of this
example, it was assumed that this question is answered
favorably.

Instructional Suitabjility. Some subject material
may not lend itself well to CAI delivery. West identified
several factors and conditions that contraindicate the kind
of individualized instruction that CAI is geared toward.
These factors and conditions are those that:

1. Provide familiarity with dangerous or infrequent

operating conditions that cannot be simulated.

2. Require a great deal of hands-on experience that

cannot be simulated.

3. Require personnel to be trained to work
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predominantly as part of an integrated team.

4. Provide a substantial degree of interpersonnel

skills for adequate job or task performance.

$S. Have a group-paced format that currently satisfies

all administrative and instructional objectives

(80:428).

Moyer agreed with points two and four. He felt that
coacepts that deal with interpersonal relationships, where
discussion or exchange of views is essential, and where a
“manipulative skill is being taught" "may not be appro-
ptiate to computer presentation” (59:12). With regards to
this last point, Moyer states "The computer could illustrate
the techaique of laying bricks, but one must actually handle
the bricks and mortar to learn the trade" (59:12).

Additionally, training that requires teamwork accomp-
lishment, such as rapid runway repair (RRR) training, would
neot appesr suited for CAI, which is individually oriented.
Sewever, that is not to say that some individualized tasks
wvithin BAR aze not CAI presentable.

Belating this to heating repair specialist instruction,
1* esuld spgpeaz that the only questions that could arise,
siven the aetuse of the instructional requiremant and the
‘ed onvironmeat, weuld coancern points one and two above.
fowpver. oo whe presvented earlier in this chapter,
sgeigmpat snd systems operation can be and have been
sigpioted feor inetructionsl pucposes (59, 795). Thus, this

stagp <t 't vwerell TAl enelysis weuld not appear to
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eliminate CAI as an instructional methodology for the
heating systems training application.

Hence, the lesson developer must ask: Is this instruc-
tional requirement suited for individual self-paced inter-
active instruction? 1If the answer is no, then another
method of providing instruction should be evaluated. If the
answer is yes, then further analysis would be required.

A flow chart of the qualitative portion of the decision
process just discussed is presented in Figure 5.

Quantitative (Cost) Considerations. As discussed in
chapter four, CAI lessons tend to be costly because of
enormous up-front development costs. These costs, together
with the other costs associ$ted with CAI, must be compared
to costs associated with other methodologies to determine
1f CAI is the best alternate from a cost viewpoint (46:36).
Some researchers suggest "that the most meaningful rela-
tionship for comparing [CAl) with other methods is the cost
per student hour" (Orlansky and String as reported in
46:36). However, this relationship would not give credit

b to any instructional method with shortened instructional

v time over other instructional methods. This researcher
suggests the use of per person costs for a given lessoﬁ.
Thus, costs would be tled to the desired end product, an
educated or trained individual, and not to the time it
takes to produce this result. Time savings would affect

costs favorably either by allowing more people to be

trained or by reducing a worker's time away from the job.




- ~ -
-

-y m,

- -

-~ -

- — e

e e w0 S o

Is the target population one whose
characteristics have been identi-
fied as being unreceptive to
Computer Assisted Instruction?

Can the instructional requirement
wait the time required to prepare
a CAI lesson?

Do the resources necessary to
develop CAI lesson material
exist within the organization
or are they obtainable outside
the organization?

Is the instructional requirement
suited for individual, self-paced,
interactive instruction?

Pursue an alternate
instructional methodology.

Pursue the gquantitative
decision analysis process.

FPigure S. Flow Chart of the Qualitative Portion of
the Decision Process to Adopt CAIl as the
Instructional Methodology
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Net Population Size. To economically justify CAI

as an instructional methodology, a CAIl lesson must serve a

net population larxrge enough so that the per person costs are
! lower than costs for other instructional methodologies that

could also meet the instructional objectives. A number of

oo -

considerations impact the net population size: the total

L o e e

student population, the frequency of training requirement,

and the turnover rate of the student population. As an

example of the considerations involved in determining the

- o
T s

net population size, consider that a new one-time instruc-

- -

tional requirement would need to have costs spread over the

o u

existing student population in addition to any new members

o

that join the population while the lesson is still valid.

For instance, for the population of approximately 3000
heating specialists which receives about 200 new members

every year (note that there is no need to consider outgoing

A B Wy - W

pexsonnel since their training is no longer the organiza-
tion's responsibility) and which requires one-time instruc-
\ tion on some new topic or technique that will not be
outdated for five years, the net population to divide the

8 costs by would be 4000 (3000 initially trained plus 200 new
members per year for five years). On the other hand, if
this same population required this instruction on an annual
basis, the net instzuctional population would be 15000 (3000
J members x 5 years, assuming a stable population where

incoming members equal outgoing members).
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CAI Costs. The total cost associated with
providing instruction using CAI includes the development
costs, production costs, annual costs (maintainence,
operations, etc.), and modification costs (68).

If the lesson is to be contractor developed, develop-
ment costs may be estimated by consulting the appropriate
contractor or by reviewing past contract costs for similar
efforts. If the lesson is to be developed in-house,
develoment costs must be estimated by summing estimates for
the developer(s)' time, including hardware and software
costs assoclated with developing the lesson (if more than
one lesson is developed using the same hardware and soft-
ware, these costs should be proportionally shared among the

lessons), adding the cost of licenses associated with any

commercial software used, and including the cost of travel,
supplies, clexrical support, and administrative overhead.

Production costs include costs associated with
duplicating and distributing the lesson software and any
assoclated printed material as well as the cost of the
hardware and software associated with delivering the lesson
(it more than one lesson is delivered using the same
configuration, these costs should be proportionally
shared).

Annual costs include operating costs such s utility
charges for electricity and telecommunications, salaries for
system operators or other CAl-related personnel, license

fees for any commercial products used to deliver the lesson,

5-22

,,,,,,,

AN { A [ . ] ¥
R L L AOATUARA R L A A N A ML S ey

LA U L o U SO A0 M LK 30 A0 W M € MO MERLINS A ot AL

PR A WL N




supplies consumed in support of the lesson such as paper and
ribbons, and hardware maintenance costs. The last item is
often overlooked and, according to some experts, can be
guite substantial (68).

Modification costs include most of the considerations
iy of the development and production costs that relate to
o modification of the lesson. Thus, costs such as the salary

of the developer(s), duplication and distribution expenses,

ﬁ' and administrative overhead must be considered when

g estimating modification costs. Modifications may be
planned at periodic points in the lesson's life to provide

.ﬁ for technology changes, corrections, or upgrade.

. Costs Por Otheér Msthodologies. Identifying CAL
costs alone provides no basis for the instructional

Q: programmer to make a decision to accept or reject CAIl on

u cost-effectiveness grounds. CAI costs must be compared to

costs for other instructional methodologies that could meet

the instructional objectives (46:35-36). Thus the costs

o for other instructional methods must be identified. Like

CAI, these would include development costs such as experts'

W time to put together course material, annual costs such as
.l': .

f& instructors' salaries and students' salaries for the time
= in class.

b With regard to the heating systems trajning such
‘- costs could include those just mentioned, and travel costs,

L . per diem for TDY students, overtime for the unit from which
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the student came (to keep up with work schedules), and

equipment trainers if applicable.

| Figure 6. below illustrates the steps in the quantita-
tive analysis.

The Total Model. The gqualitative and quantitative

~ portions of the decision process are really two pleces of
what may be called the total model. This total model of the
decision process to adopt CAI as an instructional

methodology is presented in Figure 7.
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Detezrmine the net student
population which is based on )
initial population, incoming )
membership, frequency of "
instruction, and estimated
useful life of the lesson.

Determine CAI lesson costs
including development,
production, annual, and
modification costs.

Loy

..»‘
PRy

Determine lesson costs for
other instructional
methodologies.

[ERGERJE JE S

%

!‘

g

§

f

;

1

Is CAl the most cost-effective »
alternative? "
v

YES '
.

—
..-ﬂ

-

Pursue most cost-effective
alternatives given qualitative
factors do not override cost
factors.

Pursue CAI development.

FPigure 6. Plow Chart of the Quantitative Portion of "
the Decision Process to Adopt CAI as an !
Instructional Methodology.
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Question 9

How does the ‘'Wang VS' computer system, being
installed in Alr Porce Civil Engineering units as
Work Information Management Systems (WIMS), in combination
with the software avalilable for it, compare as a CAI device
to the Zenith Z248 computer and the software available for
it?2

Rose warns that "care should be taken to ensure that
the software/hardware of the (authoring) package is compa-
table with any hardware that the (organization) already has
or is locked into purchasing® (67:29). Given this advice,
it would appear Air Force Civil Engineering should plan
future CAl lessons/projects around the use of the 'Wang V8'
system. This system has been or is in the process of being
installed in every squ;d:on-slzed (or larger) Civil Engin-
eering unit as a Work Information Management System (WIMS).
However, Rose's words must not be accepted blindly without
some evaluation. The following comparison examined costs
and capabillties of the two systems from a software and
hardwvare point of view. No recommendations are included
herein. |

Software Availability. The only authoring system
avallable for the Wang VS computers at the time of the
writing of this document was "VS Author" from Mentor
Resouzces (78). On the other hand, the "2248", being an IBM
compatible, has a wide assortment of commercially available

authoring softwvare. Such authoring software includes
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"Maestro/PC" (53), "PC/Pilot"™ (31), "CAI Plus" (31), and

"INSIGHT" (82). This writer chose to compare "VS Author" to
"Maestro/PC". This choice was, in part, arbitrarily made
and, in part, based on the fact the writer has viewed the
use of Maestro/PC and the writer wvas able to obtain product
information. No endorsement is implied by this choice.
Table one summarizes the differences between the two

systems.

Table 1. Software Comparison Between VS Author and
Maestro/PC (53, 78)

Software Comparison
VS8 Author versus Maestro/PC

Purchase . $12,800 * §799 *x*

Cost (single)

Delivery License Yes, unknown NO

Cost amount

Graphics Capable Only using VS YES

character set

Color Capable NO YES

Interactive NO YES

Vvideodisc

Capable

REase of Use Menu driven Icon/mouse driven

Input Options Keyboard Mouse/Touch Screen/
Joy 8Stick/Trackball
Lightpen

% As of 1 December 1986
*% As of 1 June 1987/Price is less for educational
institutions
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Hardware Chojces. The Wang VS system as purchased

under the AMMUS contract consists of a number of worksta-

tions and microcomputers which serve as workstations tied
into a central processing system. The alternative hardware
configurations available to use the Wang VS system as a CAl
device are (1) to use the system as presently configured, (2)
alter or modify the existing system or a number of the
microcomputers serving as workstations into CAI capable
devices, or (3) purchase a new series of Wang IBM compatible
microcomputers (5).

Each of these alternatives has its own advantages and
disadvantages. Alternative one requires no hardwvare
modifications but limits authoring to the use of the "VS
Author"™ authoring system or a higher order language. As
discussed earlier, the VS Author authoring system is very
nkpensivc, has no color capabilities, and has limited
graphics capabilities. Also, as discussed in chapter four,
higher order languages are not a good alternative because of
the programming skills tequired and added time to develop
lessons.

Alternative two would theoretically open the door to
the use of IBM compatible authoring systems, but it is also
an expensive option. Moreover, few software manufacturers
will guarantee that their authoring systems would work on
such machines.

Alternative three involves purchasing and using one of

the new vang IBM compatible micro computers (models 280 and




380) released Iin 1987 (79). These nev WVang systems would
run IBM authoring software and would also be able to serve
as a VS terminal (79). However, the cost for this
alternative is also high (see Table I1).

These three Vang alternatives are compared to the
Zenith "1248." The "1248" is an IBM compatible microcom-
puter under a DOD purchase contract (15). Appendix B lists
hardwvare and software available under this contract. The
Alr Force Academy has used the "1248" to present instruc-
tion by means of interactive videodisc using a Sony LOP-
2000 series videodisc player controlled through an R8232
interface (32:21).

Table two summarizes the comparison. The cost cited
in Table 2 for the Wang "Model 380" is retail price.
Government contract price would probably be less. In any

event, it would appear that the "Z248" may be the best

choice if cost alone is the determining factor. However,

if compatibility with the WIMS system is an overriding
consideration, it would appear that the "Model 380" could

prevall,

BARRAARNAL ALY (PO, 1 d ; ) . ' ' "
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Table II. Hardware Comparison Between "Wang V3"

and “Z2248" (5, 45, 79)
Point Present Modified Wang Zenith
of Wang VS Wang VS Model Z248
Comparison System System 380 System
Cost ® -~- $7079 ¢ $7695 $2263 &
Colox
capable No No Yes Yes
IVD No No Yes Yes
capable
Other input No No Yes Yes
options
{Input No Yes Yes Yes
mouse)
Software \'£:] \'£-] IBM IBM
capabilites IBNM MS-~-DOS MS-DOS
vs
VS system Yes Yes Yes No
capable
%Costs based on RAM expansion to 640K, 20MB Hard Disk,
high resolution color monitor, graphics card, mouse,
and math coprocessor
#Government Contract Costs

summary

This review of current literature on the subject of
computer-assisted instruction (CAI) provided answers to the
three investigative questions related to the specific

application of CAI for Alir Force Civil Engineering.
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First, it was shown that there are few training and
educational applications readily avallable to meet Civil
Engineering instructional requirements but that several
prototype applications are under investigation by the AFESC.

Next, a model of the CAI medla selection decision was
developed based on various considerations mentioned in the
literature.

Finally, a comparison wvas made between the "wang VsS"
and Zenith %“Z248" computer systems as CAI devices and the

authoring softwvare available for each machine.
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VIi. conclusions and Recommendations

Qverview

This chapter summarizes the conclusions that could be
drawn from a review of the literature relating to computer-
f assisted instruction. Recommendations for additional study
are presented for those within Air Force Civil Engineering

considering developing CAI instructional material.

Conclusions
After reviewing the literature, several conclusions
’ were made regarding computer-assisted instruction.
First, the literature, when taken as a whole, indi-
cated that computer-assisted instruction, as an instruc-
tional methodology, was a viable method of‘instructlon

under the right conditions. If designed properly, CAIl was

L e e a m
C e I T T T T

at least as effective as, and possibly more effective than,
i other methods fzom-a student achievement point of view.
+ I When looking at the length of time it takes to instruct a
student on a given subject, the literature indicated that
CAI results in drastically reduced instructional time.
Howevez; this may be a result of the self-paced nature of
CAI rather than any other feature of CAI, such as interac-
tivity.

Second, the literature was woefully deficient of

C L e

information on the cost effectiveness of CAI. 1Indications

were that costs of CAI are freqguently computed based on

A
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hardware and software costs alone. Moreover, it appeared
that those responsible for lesson development are not
making comparisons between CAI and other instructional
methodologies that could satisfy the educational require-
ment. In fact, 1t appeared to this researcher that cost
was simply a matter of staying under the allotted budget
rather than using funds efficiently.

Third, the literature indicates that CAI lessons can
be developed a number of ways using the programming avenues
available to normal computer programming, such as higher
-order programming languages like BASIC or Pascal, or by
specialized authoring software such as authoring langquages
or authoring systems. This authoring software is specially
designed to ease CAI lesson development. Authoring soft-
ware includes commands specific to CAI which perform such
functions as branching, quizzing, and controlling external
devices such as interactive videodisc.

Fourth, the literature indicates that a number of
factors impact the choice of hardware and software tools
used by the instructor to develop CAI lessons. The most
important factors are the lesson objectives and future
needs of the instructor and student.

Finally, the literature indicates that few presently
available applications exist which meet Civil Engineering
instructional requirements. Areas in which CAl has been

used successfully to meet requirements similar to those of

DALY A DO RO CA0000 \ ' Y
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Civil Engineering's include engineering fundamentals review

and technical equipment training.

Recommendations

The following recommendations are offered for consid-
eration by the Air Porce Civil Engineering community in
those efforts related to computer-assisted instruction:

1. Carefully test and evaluate the impact of

introducing CAI to the base level Civil Engineering

community, first, from a qualitative perspective and,
then, from a total long-term cost perspective.

2. Maintain detailed records of all costs associated

with future CAI lesson development projects. Conduct

a careful and complete cost analysis and consider

publishing the results to increase the database

available to reseérchers studying this issue.

3. Consider new, unproven CAI applications after

following the instructional systems development -

process. The general model included herein may prove

a useful guide for considerations which are CAI unique.

4. Pursue the aggressive development of CAI delivered

engineering fundamentals review for AFIT School of

Civil Engineering and Services courses.

5. Consider developing CAIl exportable training and

education to meet a number of instructional regquire-

ments, such as that similar to continuing education.

6. 8trive to develop a hardware and software standard




CAl system for Civil Engineering. This will provide

some standardization with regard to hardwvare pur-

chasing and maintenance, and courseware development.

summary

Despite the fact that it is less than 25 years old,
computer-assisted instruction has been shown to be a viable
instructional method for certain applications. CAI pos-
sibilities have rapidly increased along with computer
technology. CAI has appilcations to Air Force Civil
Engineering instructional requirements and should be care-

fully evaluated as one means of meeting those requirements.
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Appendix A: Glossary of Terms

Artificial intelligence - an area of study of computer
science concerned with the development of a computer system
capable of imitating the human thought process.

BASIC - An acronym for Begineers All Purpose Symbolic
Instruction Code, a product of Kemeny and Kurtz of
Dartmouth College (1963). BASIC "uses simple

English words and common mathematical symbols to

perform the necessary arithmetic and logical

operations to solve problems" (22:56).

CAI - Computer-Assisted Instruction (or Computer-Aided
Instruction).

COBOL - an acronym for COmmon Business Oriented
Language, a high level programming language.

Coursevare - a generic term for all types of CAI
materials (46:32).

FORTRAN - an acronym for FORmula TRANslation, a higher
level programming language.

Hard disk - a disk or series of disks made of a rigid
base coated with a magnetic material which can typically -
store between 10 and 60 million bytes of information per
device.

Hardware ~ the physical components of a computer
system.

IVD ~ Interactive Videodisc.

Joy stick - a device connected to a computer which
control the location of a cursor by the manipulate of a
control lever which can be tilted in various directions.

K - represents 1024 bytes (2°10) of memory.

Keyboard -~ an arrangement of keys like those on a
typevwriter, used to enter data into a computer.

Light pen - a hand-held stylus connected by a cable to
a some monitors, that can sense the 1light from the pen on
the screen and translate that into a signal to the
computer.

Modem - a MOdulator-DEModulator device that converts
digital output into analog output and vice-versa for use in

Tt L R AT 1 et T AV P S TGS
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transmitting information by phone lines.

Monitor - the screen of a cathode ray tube (CRT) used
with a computer.

Mouse - a small hand held device connected to a
computer and monitor used to enter commands: the mouse is
moved on the surface of a table or the like to position a
cursor on the screen next to a command the user wishes to
invoke.

Pascal - a higher order programming language designed
to support the concepts of structured programming.

RAM - random access memory, a type of computer memory
that can be accessed without following a sequence of
storage locations.

ROM - read only memory, computer memory with preset
instructions that cannot be written over or altered.

Software - the programs used to control the operation
of a computer.

TICCIT - an acronym for Time-Shared Interactive
Computer Controlled Instructional Television - a product of
MITRE Corporation and Brigham Young University - a CAl
system which uses a standard color television to present
lessons to students who respond through a keyboard, all of
which is controlled by a minicomputer (4:48).

Touch screen - a special monitor screen which can
sense a touch from a finger and translate that touch into
instructions to the computer.

Track ball - a device consisting of a sphere mounted
in a box that can be rotated with the palm or fingertips
that is connected to a computer with which one can
manipulate to location of a cursor on the screen.

Note, unless otherwise noted, the above definitions come

from Webster's MewWorld Pictiopary of Computer Texms (13).
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IIEM _DRICRIPTION
Rasic Syieu'

Intezmadiate System

Advanced Systea

Memoxy Expansion €40KB
Memozy Expansion 2MB
20 MB Haxd Disk Dxive

40 MB liaxd Disk

1.2 B Ploppy Disk Drive
Dual Mode Printer (Drft/Ltr)

Cut Sheet Feede:r

Diable C150 Clz Gzphecs Pratr

Graphics Plotter
RGBS Color Menitorx

Monochzoms Moaitor
Graphics Input Device

Power Convezter
Suxge Suppressoc

Dial-up 300-2400 baud Modem
High Speed Tape Backup Sys
SMNZI 80287 Math Co-procss:
60MB Tape Backup Umit

236K Print Buffer
9600 Baud Modem
140MB Hazd Disk

NS GV-Basic Compiler
Microsoft COBOL Compilerx
Microsoft Maczo Assembler
Microsoft PORTRAN Compilex
Miczosoft Pascal Compiler

C Compilerz

VozdStar Professional

Multimate
dBase 111

Condor 11l ver. 2.11
dsase II vez. 2.43
Nicrostat Statistical PRg.

UMIT COST

$1103.00
1534.00
1658.00
120.00
240.00
302.00
699.00
124.00
$28.00
207.00
802.00
929.00
302.00
116.00
293.00
55.00
30.00
158.00
478.00
143.00
827.00
181.00
255.00
2125.00

$46.00
15.00
9.00
13.00
16.00
100.00
130.00
148.00
335.00
72.00
239.00
75.00

7010-01-232-9362
7010-MCC-218183
7010~-01-232-9363
7035-8CC-218113
7635-8CC-218314
702%-01-232-7371

7025-01-232-9333
7025-01-232-9208
7025-MCC-218137

7025-01-233-0239
7025-01-232-9323
7025-01~-232-9324
7025-01-232~7351
7025-01-223-5376¢
7025-NCC-218311

7025-01-234-4070
7025-01-234-0832
7035-NCC-218318

7030-NCC-210163
7030-01-231-9004
7030-MCC-218167
7030-NCC-216164
7030-6CC-218166
7030-NCC~-218135
7610-01-233-10%50
7030-8CC-218173
7030-0CC-218148
7030-01-208-0021
7030-NCC-2108185
7030-0CC-2181%7

CLIN §

o001
0002
0003
0004AA
0004AD
0006AA
0006AB
0006AR
0007
0008AA
0009
0010
0011
0012
0013
0014AA
0014AD
0015
0016
0017AA

0018
0019
0020
0021
0022
0023
0024AA
002448
0025AA
002SA3
0023AC
0026

iRg MOD 0

Irx-248-50
IVX-240-52
IVX-248-62
2-405-A
2-415
2-217-22
ZD-400
20-12
AL-2000
MpPI-350-1
Arp-28
¥G-2300
IVN~1380
IVN-~1470-G
31-1201
HCA-370
CA-10-A
CT8~2424
2-427-20
2-416
20-60
AL-2000-3
IN-192
20~-1200

M8-35063-4
M8-5063-3
n8-5063-21
N8-3063-2
N8-5063-3
C1-%063-1
w-5063-13
$8-5063-1
AT-5063-3
CD-5063-3
AT-5065-1
£8-5063~1




ITRLDESCRIPSION UNIT COST
SupezCalc 3 ver. 2.1 76.00
Graftalk ver. 3.27 81.00
CAD Key ver. 2.0 280.00
Tims Line w/tutorial 33.00
Enable ver. 1.18 87.00
CX1 Connectware 3278/9% 422.00
3780 1M Terminal Bmulator 96.00
2stem-304 VT100 Bmmlatoz 33.00
VIP 7700/7800 Bmmlator 156.00
Sperzy Compatibility by CHI 121.00
Micro-~Bridge Buzr Compat. 136.00
2100 Emulator 175.00
CAL Intzo to Microcmptrs 11.00
CAI for SuperCalec 3 23.00
CAI for Coador III 42.00
CAI for Microstat 5.00
CAI for Program Managemant 14.00
CAI for dBase Il 3é.00
CALI for dBase III 23.00
CAI for Multimate 23.00
CAI for Bus Graphics 6.00
CAI for Composition Graphics 73.00
CAI for VWindowing 7.00
LOGI MOUSE 50.00
ADA Compile:z 1815.00

7030-¥CC-218170
7030-¥CC-218168
7030-MCC-218161
7030-NCC-218150
7030-NCC-218171
7030-¥CC-218156
7030-01-231-9805
7030-NCC_218160
7030-¥CC-218479
7025-NCC-218153
7030-NCC-218163
7030-MCC-218175
7030-NCC-218151
7030-01-234-8604
7030-NCC-218154
7030-MCC-218152
7030-MCC-218149
7030-NCC-218144
7030-MCC-218146
7030-MCC-218145
7030-NCC_218169
7030-8CC-218162
7030-NCC-218172
7035-MCC~222733

CLIN §

0027

0028

0029

0030

0031

0032AA
0032a8
0032aC
0032AD
0032ar
00326
0032AH
0035AA
003SaB
003SAC
0035AaD
0033AR
003SAr
0035AG
003SAH
0035AJ
0035AK
003SAL
0038

0040AA

ips MOD 0

8C-5063-4
RG-5065-1
MC-3163-1
B8-5063-1
86-5063-1
€x-5063-1
#0-5063-2
KB-5063-1
CcC-5063-2
cC-5063-1
¥B-5065-1
zZ-419
C3-3163-136
AS-5063-8
CD-5063-5
C8-5063-22
38-5063-1
A8-5063-S
AS-5063-7
AS-5063-6
RG-5063-3
MC-3163-2
8G-5063-2
LG-7
AY-4164-1
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: time has been widely reported to be decreased by the use of

B CAl, although some experts feel this is mostly a result of

o ’ the individualized instzuctional environment which CAI
offexrs students. Vith regazrd to the cost effectiveness of
CAI, the literature contains few good cost analyses from
which conclusions can be drawn. ’

ji The final section covered the applications of CAI to

! Alx Porce Civil Engineering instructional requirements.

ol Actual zeported CAl applications similar to Civil Engineer-
X _ ing instzuctional requirements were presented. Such appli-
cations include equipment simulators for training purposes
and tutorials with drill and practice for engineering funda-
R mentals reviev. Additionally, a model of the decision

D process to adopt CAl as an instructional methodology was

X formulated. This model provides, in a broad sense, a guide
i to determine if CAl is the best instructional method to meet
g given instructional requizrements. Pinally, a comparison wvas
made of the hardware and software alternatives presently
available to the Civil Engineering lesson developer or
programmer.
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